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I ,  INTRODUCTION 

Necessity  for  increased  reuse  of  water  and  concern  over  possible 
detrimental  effects  resulting  from  the  discharge  of  various  wastes  has 
resulted  in  the  adoption  and  enforcement  of  regulations  designed  to  protect 
the  quality  of  the  nation's  waters.  Initially,  primary  concern  was  focused 
on  point  source  waste  discharges  such  as  the  effluent  from  municipal  and 
industrial  wastewater  treatment  plants.  However,  it  is  now  apparent  that 
nonpoint  waste  discharges,  such  as  storm  runoff  from  rural  and  urban  areas, 
can  significantly  influence  the  quality  of  water  in  receiving  streams  and 
that  some  controls  over  these  discharges  will  be  required  in  order  to  meet 
desired  water  quality  standards. 

As  indicated,  storm  runoff  constitutes  a  major  source  of  nonpoint  source 
waste  discharge  to  surface  waters.  Because  of  the  unpredictability  of  such 
events,  the  difficulty  and  costs  associated  with  determination  of  the  quantity 
and  quality  of  such  runoff  and  the  relatively  recent  recognition  of  the 
significance  of  these  discharges  on  water  quality,  limited  data  are  available 
for  evaluating  possible  control  requirements.  One  of  the  goals  of  this  study 
was  to  obtain  data  on  the  quantity  and  quality  of  runoff  from  an  agricultural  area, 
For  this  purpose  a  7.8  square  mile  drainage  area  in  eastern  Nebraska  was  instru- 
mented and  monitored  for  a  30  month  period. 

Some  mathematical  models  have  recently  been  developed  for  simulating 
the  quantity  and  quality  of  storm  runoff.  Unfortunately,  data  for  model 
evaluation  and  calibration  are  very  limited.  Therefore,  another  goal  of 
this  study  was  to  use  the  data  obtained  to  evaluate  the  effectiveness  of 
available  models  for  simulating  the  runoff  from  the  study  watershed.  The 
models  used  for  this  purpose,  ARM  (Agricultural  Runoff  Management)  and  NPS 


(Nonpoint  Source  Pollutant  Loading  Model),  were  developed  by  Hydrocomp,  Inc, 
for  and  in  cooperation  with  the  U.S.  Environmental  Protection  Agency. 
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II.  DESCRIPTION  OF  STUDY  WATERSHED 

The  watershed  selected  for  this  study,  Dee  Creek,  is  located  approximately 
15  miles  northeast  of  Lincoln,  Nebraska.  Some  of  the  factors  considered  in 
the  selection  of  this  watershed  were:  (1)  it  was  considered  representative 
of  productive  agricultural  land  in  the  region;  (2)  soil  conservation  practices 
were  used  on  a  relatively  high  percentage  of  the  watershed;  (3)  the  topography, 
soil  and  cropping  practices  in  the  basin  are  relatively  uniform;  (4)  farmers 
and  land  owners  in  the  study  area  were  interested  in  the  project  and  willing 
to  cooperate  in  supplying  desired  data;  and  (5)  the  site  was  readily  accessible 
to  personnel  from  the  University  of  Nebraska-Lincoln. 

The  portion  of  the  Dee  Creek  watershed  studied  has  an  area  of  approximately 
7.8  square  miles  (5,000  acres)  and  is  located  in  the  southern  half  of  Township 
TUN,  R9E  of  Cass  County  Nebraska.  A  topographic  map  of  the  watershed  is 
presented  in  Figure  1.  Data  from  this  map  were  used  to  obtain  the  computer 
plot  of  the  watershed  shown  in  Figure  2.  The  control  structure  across  the 
channel  of  Dee  Creek  and  the  associated  flow  measurement  and  sampling  equipment 
used  for  this  study  are  located  at  the  base  of  the  drainage  area.  Some  of 
this  equipment  was  installed  as  part  of  another  project  prior  to  the  start 
of  this  study.  Photographs  of  the  watershed  are  included  in  Figures  3-6. 

Topography  of  the  watershed  ranges  from  nearly  flat  bottom  lands  to 
gentle  and  in  some  cases,  strong  slopes  on  uplands.  During  the  study,  the 
Soil  Conservation  Service  of  the  United  States  Department  of  Agriculture  made 
a  detailed  soil  survey  of  the  Dee  Creek  watershed.  It  was  found  that  over 
90  percent  of  the  soil  consisted  of  silty  clay  loam--primarily  the  Sharpsburg 
series  formed  in  loess.  A  copy  of  the  report  on  this  survey,  "Advance  Soil 
Map  Soil  Descriptions  and  Soil  Interprelations  for  Dee  Creek  Watershed  Cass 
County,  Nebraska,  June,  1976,"  is  attached  to  this  report. 


Figure  1:  Topographic  map  of  Dee  Creek  Watershed 


( 


I 


Figure  2:   Computer  plot  contour  map  of  Dee  Creek  Watershed 


Figure  3:  Aerial  photograph  of  a  portion  of  the  Dee  Creek  Watershed,  Lincoln,  Nebraska 
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Figure  4:  Aerial  photograph  of  a  portion  of  the  Dee  Creek  Watershed,  Lincoln,  Nebraska 
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Figure  5: 


View  showing  the  building  housing  the  automatic  sampling  equipment 
the  bridge  for  observation  and  manual  sampling,  the  flow  measuring 
equipment  and  the  lower  portion  of  the  Dee  Creek  drainage  basin. 


Figure  6: 


A  view  looking  downstream  at  the  control  structure.  The  USGS  stream 
gauging  station  used  for  calibrating  the  control  structure  is  located 
at  the  county  road  bridge  in  the  background. 
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As  mentioned  previously,  the  watershed  is  located  in  a  very   productive 
agricultural  area.  Primary  crops  grown  in  the  basin  are  milo,  wheat,  soybeans, 
corn,  brome  (pasture),  alfalfa  and  clover.  Acreage  of  each  crop  varies  depending 
upon  economic  and  weather  conditions.  Irrigation  was  not  used  in  the  watershed. 
Since  this  study  was  designed  to  evaluate  runoff  from  a  "typical"  agricultural 
area  in  the  region,  no  attempt  was  made  to  alter  or  regulate  farming  practices. 
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III.  WATERSHED  INSTRUMENTATION  AND  DATA  COLLECTION 

Some  of  the  instrumentation  used  for  this  study  was  installed  as  part 

of  a  preceeding  related  project.  A  control  structure,  which  was  located  at 

the  base  of  the  study  watershed,  consisted  of  sheet  piling  placed  across  the 

channel  in  a  specified  configuration.  (See  Figure  6.)  Width  of  the  center,  level 

section  of  the  structure  was  13  feet.  Gabions  (wire  mesh  baskets)  were  filled 

with  rocks  and  placed  against  the  downstream  face  of  the  structure  to  control 

erosion.  A  flow  rating  curve  for  this  structure  was  obtained  from  velocity 

and  depth  measurements  at  a  U.S.  Geological  Survey  gauging  station  located 

approximately  300  feet  downstream  from  the  control  structure. 

Depth  of  flow  over  the  structure  was  continuously  measured  by  the  two 

Stevens  flow  recorders—one  using  a  24-hour  chart  and  the  other  a  7-day  chart. 

The  recorders  were  placed  on  top  of  a  two  foot  diameter,  corrugated  metal 

pipe  placed  vertically  in  the  creek  bank  approximately  20  feet  upstream  from 

the  control  structure.  This  pipe,  which  was  set  in  concrete,  served  as  a 

stilling  well  for  depth  of  flow  measurements  and  was  connected  to  the  stream 

by  two,  six-inch  diameter  corrugated  metal  pipes. 

Automatic  flow  sampling  equipment  consisted  of  two  Federal  Interagency 

Sedimentation  Project  PS-69  Pumping  Samplers.  Each  of  the  battery  operated 

units  was  capable  of  collecting  72  samples  without  servicing.  The  samplers, 

which  were  operated  in  series,  were  activated  when  the  recorded  depth  of  flow 

in  the  stream  increased  by  a  set  value  above  base  flow  conditions.  Once 

activated,  the  samplers  continued  to  sample  at  15  minute  intervals  during 

the  runoff  event  until  the  flow  dropped  below  the  activation  level.  Initially, 

the  samplers  were  set  to  commence  sampling  at  a  0.3  foot  rise  in  the  depth 

of  flow  above  the  control  structure.  Due  to  the  limited  runoff  which  occurred 

during  the  study,  this  was  later  adjusted  so  the  units  were  activated  by  a  0.2 

foot  rise  in  the  stream. 
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Since  heat  was  not  provided  in  thesheet  metal  building  housing  the  sampler 
units,  they  were  disconnected  during  cold  weather.  During  these  periods,  samples 
were  collected  manually.  Samples  of  base  flow  in  the  creek  were  also  collected 
manually.  Personnel  from  the  Agricultural  Research  Service  of  the  U.S.  Depart- 
mnt  of  Agriculture  at  the  University  of  Nebraska-Lincoln  serviced  the  equipment 
and  collected  the  field  data.  Samples  were  analyzed  in  the  U.S.  Agricultural 
Research  Laboratory,  Department  of  Agronomy,  University  of  Nebraska-Lincoln. 

Instrumentation  was  also  provided  for  continuously  monitoring  the  dissolved 
oxygen,  pH,  temperature  and  conductivity  of  the  stream  at  the  control  structure. 
Unfortunately,  severe  operational  problems  were  encountered  with  this  equipment 
and  this  portion  of  the  study  was  discontinued  after  approximately  six  months. 

Initially,  it  was  planned  that  a  subbasin  of  the  watershed— a  cattle  feedlot- 
would  also  be  instrumental  for  evaluating  runoff.  Due  to  unfavorable  economic 
\^^         conditions,  the  feedlot  was  closed  shortly  after  the  start  of  the  project  and 
this  portion  of  the  study  was  not  implemented. 

During  warm  weather,  precipitation  on  the  watershed  was  measured  by  eight 
continuous  recording  rain  gauges.  Locations  of  these  gauges  and  the  resulting 
Thiessen  network  used  for  calculated  weighted  precipitation  on  the  basin  are 
shown  in  Figure  7.  During  cold  weather,  only  two  gauges--Nos.  3  and  9--were 
operated  and  the  Thiessen  network  was  adjusted  accordingly. 

Nitrogen  determinations  were  made  on  a  limited  number  of  precipitation 
samples.  For  this  purpose,  acid  washed  glass  containers  were  placed  in  the 
weighing  buckets  of  the  rain  gauges. 

Data  relative  to  farming  practices  were  obtained  from  questionnaires, 
personal  interviews  and  field  observation. 
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Scale  -  miles 
Rain  Gauge  Station's 


Figure  7: 


Location  of  Rain  Gauges  and  the  Associated  Thiessen 
Network  for  the  Dee  Creek  Watershed 
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IV.  PRESENTATION  AND  DISCUSSION  OF  STUDY  DATA 

A  major  objective  of  this  study  was  to  obtain  data  on  the  quantity  and 
quality  of  runoff  from  an  agriculturally  oriented  watershed.  Obviously, 
such  data  are  dependent  upon  weather  conditions.  During  the  period  of  this 
study-July  1.  1974  through  December  3U  1976-unusually  dry  weather  conditions 
existed  in  the  area  of  the  study.  The  severity  of  this  drought  is  apparent 
from  precipitation  data  presented  in  Tables  1-4.  Precipitation  for  each  year   ^ 
of  the  study  was  approximately  12  inches  below  normal  or  amounts  to  60  percent 
of  the  normal  annual  precipitation.  As  a  result,  the  number  and  magnitude  of 

runoff  events  was  quite  limited. 

In  one  aspect,  the  unusual  weather  conditions  which  prevailed  adversely 
affected  the  results  of  the  study.  On  the  other  hand,  data  were  obtained  for 
weather  conditions  which  may  not  reoccur  for  20-30  years,  and  in  this  sense 
the  information  obtained  is  especially  valuable.  However,  in  the  use  of  these 
data  it  must  be  recognized  that  severe  dry  weather  conditions  prevailed  and 
as  a  result  extreme  caution  must  be  used  in  possible  application  of  this 
information  to  anticipated  values  for  normal  weather  conditions. 

Crop  information  for  the  watershed  is  summarized  in  Table  5.  With  the 
exception  of  corn,  crop  yeilds  were  quite  good  considering  the  limited  precipi- 
tation. Shifts  in  crop  acreages  reflect  economic  considerations  and  weather 
factors.  Likewise,  the  sharp  reduction  in  cattle  numbers  during  the  study 
period  resulted  from  unfavorable  economic  factors  and  uncertain  pasture 
conditions.  Livestock  data  are  shown  In  Table  6. 

Information  on  fertilizer  applications  for  the  various  crops  is  included 
in  Table  5.  Generally,  the  per  acre  application  of  fertilizer  remained  relatively 
constant  for  a  given  crop.  Major  variations  were  a  doubling  of  nitrogen  application 
for  oats--151b/acre  to  34  Ib/acre-during  the  study  period  and  a  marked  reduction 
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Table    1 
Precipitation  Data 
Dee  Creek  Watershed-Lincoln,  Nebraska 


Normal  Peeci pi tati on  (in.)* 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Lincoln 
(City) 

North 
Omaha 

0.78 

0.69 

1.12 

0.96 

1.67 

1.62 

2.61 

2.82 

3.65 

3.99 

5.37 

4.93 

3.60 

3.71 

3.45 

4.01 

3.32 

3.16 

1.73 

1.76 

1.02 

1.01 

0.88 

0.77 

Recorded  Precipitation  (in.)^* 
1974  1975  1976 


Nil 

0.15 

0.62 

2.47 

3.59 

1.11 

0.20 

4.33 

0.36 

2.38 

0.96 

0.33 


1.06 

0.57 

1.64 

1.94 

2.21 

3.80 

1.03 

1.53 

1.11 

Nil 

2.54 

0.39 


0.25 

0.74 

2.54 

3.53 

3.59 

0.56 

1.03 

1.07 

3.41 

0.22 

Nil 

Nil 


Annual 


29.20 


29.43 


16.50 


17.82 


16.94 


♦Normal  precipitation  for  the  indicated  weather  stations  for  the  period  1941-1970. 

**Weighted  precipitation  on  the  Dee  Creek  Watershed  based  on  a  Thiessen  diagram 
for  rainfall  gauging  stations  in  operation.    . 
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Table    2 
Precipitation  Data'-1974 
Dee  Creek  Watershed-Lincoln,  Nebraska 
(Total  Annual  Precipitation  for  1974  =  16.50  inches) 

Date  ,  Precipitation  (in.)*  Type  of  Precipitation 

Snow 

Rain 

Rain 

Rai  n 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rai  n 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rai  n 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rai  n 

Rain 

Rain 

Rai  n 

Rain 

Rain 

Rain 

Snow 

Snow 

Snow 

♦Weighted  precipitation  based  on  a  Thiessen  diagram  for  rainfall  gauging 
stations  in  operation. 
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Feb.     21 

0.15 

Mar.       4 

0.26 

11 

0.11 

15 

0.15 

21 

0.10 

Apr.       3 

0.20 

11 

0.36 

13 

0.71 

15 

0.31 

28 

0.89 

May       2 

0.10 

9 

0.32 

TO 

1.34 

17 

0.52 

18 

0.26 

21 

0.06 

25 

0.20 

27 

0.08 

30 

0.71 

June      5 

0.51 

8 

0.42 

11 

0.18 

July    22 

0.20 

Aug.       8 

1.42 

10 

0.18 

14 

0.07 

15 

0.18 

16 

1.89 

17 

0.27 

27 

0.23 

30 

0.07 

31 

0.02 

Sept.     1 

0.01 

5 

0.09 

12 

0.26 

Oct.       5 

0.65 

11 

0.08 

12 

0.01 

13 

0.01 

28 

0.30 

30 

1.33 

Nov.        3 

0.49 

9 

0.47 

Dec.       6 

0.09 

14 

0.09 

19 

0.15 

Table    3 
Precipitation  Data-1975 
Dee  Creek  Watershed-Lincoln,  Nebraska 
(Total  Annual  Precipitation  for  1975  =  17.82  inches) 


Date 

Precipitation  (in.)* 

Jan.       3 

0.17 

6 

0.40 

20 

0.28 

28 

0.21 

Feb.       1 

0.20 

17 

0.37 

Mar.     10 

0.24 

18 

0.23 

21 

0.17 

22 

1.00 

Apr.       7 

0.18 

13 

0.32 

18 

0.46 

20 

0.09 

22 

0.57 

27 

0.32 

May        2 

0.22 

9 

0.49 

27 

1.17 

29 

0.26 

31 

0.07 

June       2 

0.82 

4 

0.15 

8 

0.81 

10 

■'      0.32 

Type  of  Precipitation 


Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 
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1975  Continued 

Date 
June 

11 

Precipitation  (In,)* 

Type  of  Precipitation 

0.09 

Rain 

15 

0.08 

Rain 

18 

1.03 

Rain 

21 

0.16 

Rain 

23 

0.14 

Rain 

24 

0.20 

Rain 

July 

7 

0.09 

Rain 

8 

0.11 

Rain 

19 

0.19 

Rain 

21 

0.64 

Rain 

Aug. 

1 

0.33 

Rain 

10 

0.05 

Rain 

13 

0.43 

Rain 

"^ 

14 

0,54 

Rain 

24 

0.01 

Rain 

28 

0.17 

Rain 

Sept. 

3 

0,06 

Rain 

4 

0.36 

Rain 

10 

0.52 

Rain 

28 

0.13 

Rain 

30 

0.04 

Rain 

Nov. 

9 

0.51 

Rain 

19 

1.54 

Rain 

27 

0.49 

Snow 

Dec. 

8 

0.05 

Snow 

13 

0.34 

Snow 

♦Weighted  precipitation  based  on  a  Thiesssfi 
stations  in  operation. 


iagram  for  rainfall  gauging 
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Table    4 
Precipitation  Data- 19 76 
Dee  Creek  Watershed-Lincoln.  Nebraska 
(Total  Annual  Precipitation  for  1976  =  16.94  inches) 


Precipitation  (in.)* 


Type  of  Precipitation 


Jan. 

31 

0.25 

Feb. 

14 

0.14 

16 

0.37 

20 

0.23 

Mar. 

4 

0.53 

5 

0.13 

29 

1.57 

30 

0.31 

Apr. 

6 

0.87 

r 

14 

0.24 

15 

0.49 

17 

0.25 

20 

0.23 

23 

0.43 

24 

0.42 

27 

0.60 

May 

12 

0.84 

13 

0.03 

15 

0.54 

16 

0.31 

22 

1.29 

23 

0.41 

28 

o:o2 

29 

0.15 

June 

11 

0.03 

23 

0.49 

24 

0.04 

July 

2 

0.25 

21 

0.62 

22 

0.10 

29 

0.06 

Aug. 

9 

0.06 

13 

0.30 

14 

0.71 

Sept 

.     9 

•     0.10 

13 

0.15 

15 

0.12 

17 

0.04 

19 

1.30 

23 

0.24 

24 

0.26 

25 

1.20 

Oct 

18 

0.20 

30 

0.02 

Snow 

Snow 

Rain 

Snow 

Snow 

Snow 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 

Rain 


♦Weighted  precipitation  based  on  a  Thiessen  diagram  for  rainfall  gauging 
stations  in  operation. 
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Table  5  >   ; 

Crop  Information 
Dee  Creek  Watershed-Lincoln.  Nebraska 


Reporting  Year 

1973-74  1974-75 


1975-76 


MHo 
acres 

ave.  yield,  bu/acre 
ave.  fertilizer  applied 
nitrogen,  lb/acre 
phosphorus,  lb/acre 
potassium,  lb/acre 


Wheat 

acres 

ave.  yield 
ave. 


by/acre 
fertilizer  applied 
nitrogen,  lb/acre 
phosphorus,  lb/acre 
potassium,  lb/acre 


Soybeans 
acres 

Ave.  yield,  bu/acre 
aVe.   fertilizer  applied 
nitrogen,  lb/acre 
phosphorus,  lb/acre 
potassium,  lb/acre 


Corn 
acres 


ave. 


yield,  bu/acre 
fertilizer  applied 
nitrogen,   lb/acre 
phosphorus,  lb/acre 
potassiums  lb/acre 


Oats 
acres 

ave.  yiels,  bu/acre 
ave.  fertilizer  applied 
nitrogen,  lb/acre 
phosphorus,  lb/acre 
potassium,  lb/acre 


867 
48 

1,915 
69 

2,458 

78 

85 
1.7 
2.6 

72 

0.0 

■;       0.0 

85 
2.3 

0.4 

755 
47 

1,014 
40 

438 
38 

43 
18 
1,3      - 

21 

3.2 

41 
23 

6.0 

496          : 

26 

566 
30 

359 
19 

G.G 
0.0 
0.0 

1.2 
0.0 
0.0 

'      0.0 
0,0 
0.0 

224 

30 

61 
40 

96 
48 

72 

0 
0 

75 
0 
0 

82 
0 
0 

30 
80 

120 
64 

361 
62 

15 
0.0 
0.0 

30 
0.0 
0.0 

34 
0.9 
0.9 
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(2) 


Crop  Information  Cond't 


Brome 

acres 

ave.   fertilizer  applied 
nitrogen,  lb/acre 
phosphorus,  lb/acre 
potassium,  lb/acre 


1973-74 
440 

59 
0.0 
0.0 


1974-75 
339 

31 
0.0 
0.0 


1975-76 
315 

30 
0.0 
0.0 


Sudan 

acres 

ave.   fertilizer  applied 
nitrogen,  lb/acre 
phosphorus,  lb/acre 
potassium,  lb/acre 


Red  Clover 
acres 

Sweet  Clover 
acws 

Alfalfa 
acres 
ave.  yield,  ton/ acre 

Prairie  Hay 
acres 
ave.  yield,  ton/acre 

Summer  Fallow 
acres 

Other  (waterways,  buil ding, fences,  etc) 
acees 

Total  Area  Reported 

acKes  * 


0.0 


10 


60 
0.0 
0.0 

tm 

0.0 
0.0 
0.0 

140 

182 

168 

17 

34 

36 

106 
4.6 

85 
3.6 

82 
2.7 

12 

14 
1.7 

0.0, 

0 

35 

60 

260 

80 

45 

,350 

4,445 

4.428 

*Due  to  the  accidental  death  of  one  farmer,  data  were  not  obtained  for  a 
320  acre  farm. 

**Area  in  the  study  watershed  is  5,000  acres  based  on  data  obtained  from  the 
United  States  Geological  Survey  and  measurements  from  topographic  maps. 
Most  of  the  variance  between  measured  and  reported  acres  is  attributed  to 
roadways,  waterways,  building  lots,  fences  and  small  acreages  not  reported. 
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Table    6 
Livestock  Data 
Dee  Creek  Watershed-Lincoln,  Nebraska 


Reporting  Year 

1974  1975  1976 

Cattle* 


Pastured 

Cows 

290 

145 

120 

Calves 

135 

65 

80 

Feeders 

295 

155 

30 

Confined  (Feedlot) 

40 

100 

10 

Total  760  465  240 

Swine  200  160  200 


♦Period  of  grazing  is  generally  April  through  October.     Thus 
some  cattle  reported  as  feeders  on  pasture  may  also  be  included  in 
the  confined  (feedlot)  category. 
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in  nitrogen  use  for  bronie--59  lb/acre  to  30  lb/acre.  It  should  be  noted  that 
there  was  a  significant  increase  in  oat  acreage  during  the  period  and  that 
the  value  reported  for  1973-74  was  based  on  only  30  acres.  Reduction  in 
nitrogen  application  on  brome  was  attributed  to  increased  cost  reduction  in 
livestock  numbers  and  carryover  due  to  limited  rainfall.  Because  winter 
wheat  is  grown  in  the  study  watershed,  the  reporting  year  listed  in  Table  5 
is  given  as  1973-74,  etc. 

Total  reported  fertilizer  usage  in  the  watershed  is  summarized  in  Table  7. 
The  reduction  in  fall  application  of  fertilizer  and  associated  increase  in 
spring  usage  resulted  from  the  decrease  in  wheat  acreage  and  increases  in 
planting  of  milo  and  oats.  The  overall  reduction  during  1974-75  is  attributed 
to  shortages  in  fertilizer  supplies  and  increased  costs. 

A  limited  number  of  precipitation  samples  were  analyzed  for  nitrogen 
concentrations.  Results  obtained  are  given  in  Table  8.  Neglecting  variances 
in  the  quantity  of  precipitation  involved,  the  average  total  nitrogen  con- 
centration of  these  samples  was  0.86  mg/1  as  nitrogen.  Assuming  a  conservative, 
average  concentration  of  nitrogen  0.50  mg/1  and  a  normal  annual  precipitation 
of  29  inches,  this  amounts  to  approximately  3.3  pounds  of  nitrogen  per  acre 
per  year. 

In  May,  1976,  surface  soil  samples  were  collected  from  various  points 
in  the  study  watershed  and  were  analyzed  for  nitrate  and  phosphorus  concentra- 
tions. Results  of  these  analyses  are  presented  in  Table  9.  The  highest 
concentration  of  nitrate  nitrogen  as  determined  by  extraction  with  a  KCL 
solution  was  102  ppm.  This  sample  was  collected  from  a  field  of  brome  which 
had  recently  been  fertilized.  Except  for  this  sample,  nitrate  concentrations 
ranged  from  2.5  to  26  ppm  and  phosphorus  concentrations  ranged  from  4.6  to 
49  ppm.  It  was  felt  that  nutrient  concentrations  might  vary  significantly 
depending  on  crops  raised.  Data  indicate  nitrate  concentrations  in  fields 
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Table    7 
Fertilizer  Applied 
Dee  Creek  Watershed-Lincoln.  Nebraska 


1973-74^ 


Reporting  Year 

1974-75  1975-762 


Ni  trogen 


Fall  Application 

Broadcast  (tons) 
Spray  (tons) 
Sub-surface  (tons) 
Total    (tons) 

Spring  Application 
Broadcast  (tons) 
Spray  (tons) 
Sub-surface  (tons) 
Total   (tons) 

Annual  Application 

tons  - 

lbs/reported  acre"^ 
lbs/watershed  acre 


20.1 
3.4 
0.0 

23.5 


11.2 

4.5 

78.4 

94.1 


117.6 
54 
46.3 


16.0 

1.2 

10.9 

28.1 


2.3 

7.0 

56.2 

65.5 


93.6 

42 

36.9 


9.0 
0.0 
0.0 

e.o 


10.5 

7.0 

101.5 

119.0 


128.0 
58 
50 


Phosphorus 

Fall  Application 

tons 
Spring  Application 

tons 
Annual  Application 

tons 

lbs/reported  acre 

Ibs/waftershed  acre 


1.6 

10.5 

5.1 

6.7 

0.0 

3.6 

8.3 
3.8 
3.3 

10.5 
4.7 
4.2 

8.7 
3.9 
3.4 

Potassium 

Fall  Application 

tons 
Spring  Application 

tons 
Annual  Application 

tons 

lbs/reported  acre 

lbs/watershed  acre 


0.5 

1.6 

1.3 

2.4 

0.0 

0.7 

2.9 
1.3 

1.1 

1.6 
0.7 
0.6 

2.0 
0.9 
0.8 
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(2) 

Fertilizer  Applied  Cont'd 

1.  An  additional  50  tons  of  organic  fertilizer  (hog  manure)  was 
applied  during  this  period. 

2.  During  1975-76,  36  acres  of  sWeet  clover  was  also  plowed  under. 

3      During  the  study  period,  acres  reported  farmed  in  the  watershed 
totaled  4,350  in  1973-74,  4,445  in  1974-75  and  4.428  in  1975-76. 
Most  of  the  variance  from  the  5,000  acres  determined  to  be  in 
the  watershed  from  topographic  maps  may  be  attributed  to  road- 
ways, waterways,  small  acreages  not  reported  and  building  lots. 
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Table    8 
Nitrogen  Analyses  of  Precipitation 
Dee  Creek  Watershed-Lincoln,  Nebraska 


Date 

August  13,  1975 
August  14,  1975 
August  14,  1975 
August  29,  1975 
August  29,  1975 
April  24,  1976 
April  27,  1976 
May  27,  1976 
Jan.   31,  1976 


NH3-N  NO3-N 

mg/1  ^in 

0.56  0-66 

0.67  0.60 

0.72  0.36 

0.51  3.0 
1.9  1.9 

1.5  0.93 
0.34  0.22 

0.57  0.48 

0.37  0.18 
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Table  9 
Laboratory  Analyses  of  Soil  Samples  Collected  May  26,  1976-^ 
Dee  Creek  Watershed-Lincoln,  Nebraska 


Land  Use  or  Condition 


Brome  Pasture 

1     (spring  fertilized) 

2 

3 


Corn 
1 
2 


Milo 
1 
2 
3* 
4* 
S 
6 


Oats 
1 
2 


Soil  Nutrient  Concentration 
N-NO3-  (ppm)  P  (ppm) 


102 

39 

9.9 

49 

2.5 

13 

8.4 

22 

11 

21 

11 

7.7 

9.6 

7.3 

17 

15 

17 

8.8 

15 

19 

21 

14 

6.9 

7.3 

15 

15 

Soybeans 
1* 


11 


11 


Wheat 
1 
2 
3 


Disked 
1 
2 
3 
4 
5 


(corn) 
(milo) 


9.7 

16 

7.9 

20 

8.8 

12 

13 

20 

13 

22 

17 

16 

11 

11 

16 

7.0 
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(2) 
Laboratory  Analyses  of  Soil  Samples  Collected  May  26,  1976  Cond't 


6  (milo) 

7  (wheat) 

8  (wheat) 

9  (wheat) 

10  (milo) 

11 

12  (milo) 

13  (milo) 

14  (milo) 

Plowed 

1 

2 

3 

10 

32 

21 

27 

8.2 

10 

10 

4.6 

26 

22 

11 

8.2 

9 

13 

10 

8.8 

14 

14 

19 

12 

11 

14 

13 

78 

Average  14  18 

Each  soil  sample  represents  a  composit  of  4-5  surface  samples  (top  1-2 
inches)  manually  collected  from  a  given  field.    Analyses  were  performed 
in  accordance  with  Recormnended  Chemical  Soil  Testing  Procedures,  North  Central 
Region  Publication  221,  North  Dakota  State  University,  Agricultural  Experiment 
Station,  Fargo,  North  Dakota,  February,  1975.    As  outlined  in  this  publication, 
nitrate  nitrogen  was  extracted  using  a  KCL    solution  and  phosphorus  was 
extracted  using  a  Na  HCO3  solution. 

Classification  of  samples  marked  with  an  asterisk  is  based  on  crops 
grown  in  1975.     Likewise  crops  listed  in  brackets  under  the  disked  category 
are  1975  crops. 
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with  actively  growing  crops  such  as  brome,  wheat  and  oats  were  somewhat  lower 
but  a  significant  correlation  of  nutrient  concentrations  to  land  use  was 
not  apparent.  No  attempt  was  made  to  relate  these  values  to  fertilizer 
application  for  a  particular  field  except  for  the  brome  field  previously 
mentioned. 

Reported  herbicide  and  insecticide  usages  are  presented  in  Tables  10-12. 
A  limited  number  of  runoff  samples  were  analyzed  by  the  U.S.  Environmental 
Protection  Agency  for  pesticide  concentrations.  However,  since  this  was  not 
part  of  this  study  and  the  number  of  samples  analyzed  were  insufficient  for 
modeling  purposes,  this  information  is  not  presented  in  this  report. 

Table  13  contains  data  obtained  from  base  flow  samples  collected  from 
Dee  Creek  on  a  weekly  basis.  In  spite  of  the  dry  weather  conditions,  there 
was  limited  flow  in  the  channel  throughout  the  study  period.  Reportedly,  the 
creek  has  dried  up  during  severe  drought  conditions  in  the  past.  Since  the 
control  structure  was  not  designed  for  accurate  low  (base)  flow  measurement, 
base  flow  rates  were  not  determined. 

Generally,  concentrations  of  the  various  determinations  of  the  base 
flow  were  relatively  constant.  However,  significant  variations  were  rioted 
in  some  of  the  bacteriological  data  and  COD  (chemical  oxygen  demand)  values. 
Efforts  were  made  to  detemine  the  cause  of  the  variations  in  bacteriological 
data,  however,  these  were  unsuccessful.  Some  of  the  variations  may  be  a 
result  of  previous  runoff  events  and  some  high  values  may  have  resulted  from 
the  discharge  of  animal  wastes  in  proximity  to  the  stream.  Some  of  the  higher 
COD  data  probably  reflect  high  concentrations  of  algae  resulting  from  the 
limited  water  movement  and  other  conditions  conducive  to  plant  growth. 

Summaries  of  data  for  runoff  events  are  shown  in  Tables  14-16.  Due 
to  incomplete  data  for  a  few  events,  annual  runoff  values  were  not  tabulated; 
however,  it  is  apparent  these  values  were  very   low  during  the  study  period. 
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Table    10 
Herbicide- Insecticide  Application  Data- 1974 
Dee  Creek  Watershed-Lincoln,  Nebraska 


Chemi  cal 

AAtrex 

Ami  ben 
Atrazine 


Ramrod/ Atrazine 


Lasso 


Sen cor/Lasso 
Sencor 


Lorox 
Treflan 


2-4-D 


Herbicides 

Crop 

Acres 

Corn 

72 

Milo 

60 

Soybeans 

14 

Corn 

70 

Milo 

60 

182 

V 

17 

90 

95 

Corn 

45 

12 

Milo 

80 

22 

142 

42 

25 

308 

52 

265 

Corn 

22 

Soybeans 

15 

7 

75 

Soybeans 

12 

Soybeans 

88 

35 

25 

5 

Soybeans 

15 

Soybeans 

84 

25 

80 

63 

Brome 

67 

Corn 

70 

Milo 

148 

282 

3 

42 

141 

Amount  Applied'' 

2.75 

Ib/ac 

2.75 

Ib/ac 

1 

qt/ac 

€ 

Ib/ac 

1 

Ib/ac 

1.25 

Ib/ac 

1.5 

Ib/ac 

2 

Ib/ac 

2.5 

Ib/ac 

1 

Ib/ac 

10 

Ib/ac 

1 

Ib/ac 

2 

Ib/ac 

2.5 

Ib/ac 

3 

Ib/ac 

4 

Ib/ac 

5 

Ib/ac 

6 

Ib/ac 

7 

Ib/ac 

7 

Ib/ac 

1 

pt/ac 

7 

Ib/ac 

2 

qt/ac 

0.5 

Ib/ac 

0.5 

Ib/ac 

0.75 

Ib/ac 

2 

Ib/ac 

1 

Ib/ac 

1 

pt/ac 

1 

qt/ac 

1.5 

qt/ac 

1 

pt/ac 

1 

pt/ac 

0.25 

pt/ac 

0.5 

pt/ac 

0.67 

pt/ac 

0.75 

pt/ac 

1 

pt/ac 
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(2) 


Herbicide-Insecticide  Application  Data- 1974  Cont'd 


Chemical 

Cygon 

Di-Syston 


Furadon 

Malathion 

Parathion 

Thimet 


Insecticides 

Crop 

Acres 

Alfalfa 

6 

Milo 

554 

Corn 

12 

Milo 

30 

257 

33 

Corn 

10 

Milo 

2 

Milo 

40 

284 

Corn 

45 

22 

Milo 

17 

Amount  Applied* 

1 
7 

7 
10  . 

pt/ac 
Ib/ac 
Ib/ac 
Ib/ac 

1 
1 

pt/ac 
pt/ac 

2 

7 

10 

Ib/ac 
Ib/ac 
Ib/ac 

*  Where  values  are  not  indicated,  application  rates  were  reported  as 
recommended  amount. 
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Table    11 
Herbicide-Insecticide  Application  Data-1975 
Dee  Creek  Watershed-Lincoln.  Nebraska 


Chemical 

AAtrex 
Ami ben 
Atrazi  ne 


Ramrod/Atrazi  ne 


Ramrod 
Lasso 


Lorox 

Lorox/Lasso 

Sencor 

Lasso/Sencor 
Treflan 


Tref Ian/Sen cor 
2-4-D 


Chemical 
Cygon 

Di-Syston 


Herbicides 

Crop 

Acres 

Com 

41 

Soybeans 

12 

Milo 

115 
117 
120 

Corn 

20 

Milo 

90 
13 
78 
80 

133 
55 

398 

Milo 

2 

Milo 

130 

Soybeans 

45 
63 

Fence  rows 

,8 

Soybeans 

63 
9 

Soybeans 

8 

Milo 

130 

Soybeans 

45 
101 

Soybeans 

43 

Soybeans 

57 
56 
65 
18 
75 

Soybeans 

45 

Milo 

73 

143 
485 

Insecticides 

Crop 

Acres 

Milo 

40 
286 
735 

Milo 
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95 

Amount  Applied* 

2.5 
10 
1 
2 

Ib/ac 
Ib/ac 
Ib/ac 
Ib/ac 

1 
1 
2 
3 
5 
7 
5 

Ib/ac 
Ib/ac 
Ib/ac 
Ib/ac 
Ib/ac 
Ib/ac 
pt/ac 

3 

1.5 
1.5 
2 

Ib/ac 
qt/ac 
qt/ac 
qt/ac 

1.5 

Ib/ac 

0.75 
0.75 
1 

pt/ac 
Ib/ac 
Ib/ac 

1 

1.5 
1 
2.5 

pt/ac 
pt/ac 
qt/ac 
qt/ac 

0.67 
1 

pt/ac 
pt/ac 

Amount  Applied* 

0.75    pt/ac 
1         pt/ac 

7         Ib/ac 


(2) 


Herbicide- Insecticide  Application  Data- 1975  Cont'd 


Insecticides 


Chemical  Crop  Acres  Amount  Applied* 

73 
Malathion  Alfalfa  12 

Parathion  Milo  370 

Thimet  Corn  20  3         Ib/ac 

*  Where  values  are  not  indicated,  application  rates  were  reported  as 
recommended  amount. 
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Table  12 
Herbicide-Insecticide  Application  Data-1976 
Dee  Creek  Watershed-Lincoln,  Nebraska 


Chemical 

Ami  ben 
Atrazine 


Ramrod/ Atrazine 


Ramrod 


Cob  ex 

Lasso/Lorox 

Lasso/Sencor 

Sencor 

Treflan/Lorox 

Treflan 


2-4-D 


Chemical 

Cygon 

Di-Syston 

Furadan 
Pa rath ion 
Thimet 


Herbicides 

Crop 

Acres 

Soybeans 

15 

Corn 

5 

11 

Milo 

162 

117 

137 

Corn 

20 

35 

Milo 

90 

221 

Corn 

12 

Milo 

279 

14 

240 

104 

242 

Soybeans 

36 

Soybeans 

22 

Soybeans 

14 

Soybeans 

35 

Soybeans 

23 

Soybeans 

57 

55 

35 

Corn 

12 

Milo 

360 

Insecticides 

Crop 

Acres 

Milo 

102 

544 

Corn 

12 

Milo 

73 

Corn 

16 

Milo 

1126 

Corn 

20 

Milo 

66 

Amount  Applied 


2        Ib/ac 
2.75  Ib/ac 

1  Ib/ac 

2  Ib/ac 


1 

1 

10 
1.5 
3 
4 
5 


Ib/ac 

Ib/ac 

Ib/ac 
Ib/ac 
Ib/ac 
Ib/ac 
Ib/ac 


pt/ac 
qt/ac 


Amount  Applied* 
1    pt/ac 


5 
3 


Ib/ac 
Ib/ac 


*  Where  values  are  not  indicated,   application  rates  were  reported  as 
recommended  anrount. 
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Table   13 
Analyses  of  Base  Flow  Samples 
Dee  Creek  Watershed-Lincoln,  Nebraska 


Date 

Conduct 
umhos/cm 

£H 

Temp.,  °C 

DO, mg/1 

NH3-N 
mq/1 

NO3-N 
mg/1 

Inorg.   P 
mq/l-P 

Na 

K 
mq/1 

Hardness 
mq/1   as  CaCO. 

1-14-74 

490 

8.4 

0.07 

4.0 

0.28 

40 

2 

200 

1-21-74 

590 

8.5 

0.05 

3.8 

0.19 

40 

5 

260 

1-28-74 

520 

8.4 

0.07 

3.8 

0.24 

36 

6 

225 

2-4-74 

560 

8.4 

0.08 

4.9 

0.08 

45 

3 

240 

2-11-74 

540 

8.4 

0.30 

4.7 

0.08 

42 

3 

230 

2-18-74 

580 

8.5 

5 

11.1 

0.17 

3.4 

0.15 

44 

2B0 

2-25-74 

640 

8.5 

0.07 

4.9 

0.17 

47 

300 

3-4-74 

600 

8.5 

0.14 

3.4 

- 

42 

3 

270 

3-11-74 

570 

8.4 

7 

14.0 

0.11 

3.5 

0.49 

44 

245 

3-18-74 

550 

8.4 

5 

15.0 

0.18 

3.3 

0.06 

47 

235 

3-25-74 

560 

8.4 

1 

14.0 

0.08 

3.9 

0.10 

43 

9 

240 

4-1-74 

520 

8.4 

15 

17.0 

0.16 

2.4 

0.10 

43 

3 

230 

4-8-74 

520 

8.4 

7 

15.7 

0.12 

2.6 

0.09 

42 

13 

235 

4-15-74 

590 

8.5 

6 

12.8 

0.24 

3.4 

0.19 

41 

6 

265 

4-29-74 

490 

8.3 

12 

1.40 

3.4 

0.45 

35 

200 

5-7-74 

640 

8,5 

8 

0.05 

4.0 

0.24 

43 

6 

280 

5-13-74 

620 

8.5 

0-.08 

4.3 

0.24 

42 

5 

300 

5-20-74 

610 

8.5 

0.09 

4.0 

0.28    ' 

41 

6 

290 

5-27-74 

620 

8.5 

0.10 

4.0 

0.29 

42 

4 

295 

6-3-74 

590 

8.5 

0.10 

4.6 

0.24 

48 

295 

6-10-74 

590 

8.5 

0.07 

4.3 

0.21 

48 

295 

r 
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Table  13 
Analyses  of  Base  Flow  Samples 
Dee  Creek  Watershed-Lincoln,  Nebraska 


I 

i 


Date 

COD 
mq/1 

BOD 
mg/1 

Total 

Col  i  form 

per  100  ml 

Fecal 
Col i form   ■ 
per  100  ml 

Fecal 

Strep. 

per  100  ml 

1-14-74 

460 

60 

1-21-74 

23,000 

140 

1-28-74 

640 

2-4-74 

4.900 

2-11-74 

4,600 

20 

2-18-74 

4,900 

90 

2-25-74 

4,600 

140 

3-4-74 

2,300 

80 

3-11-74 

1.300 

130 

3-18-74 

1.100 

130 

3-25-74 

950 

130 

4-1-74 

790 

130 

4-8-74 

2,200 

20 

4-15-74 

24.000 

13.000 

4-29-74 

1,300.000 

240.000 

5-7-74 

17,000 

3,300 

5,600 

5-13-74 

1,300,000 

9,500 

6.600 

5-20-74 

130.000 

79 ,000 

5,400 

5-27-74 

49.000  . 

7.900 

1,400 

6-3-74 

13.DW) 

7.900 

- 

6-10-74 

49.000 

7.900 

8,300 

*  m 


CO 


Analyses  of  Base 

Flow  Samples  Cont 

'd 

Date 

Conduct 
umhos/cm 

pH 

Temp. ,  °C         DO, mg/l 

NH3-N 
mg/l 

NO3-N 
mg/l 

Inorg.  P 
mg/l-P 

Na 
mg/l 

K 

mg/l 

Hardness 
mg/l  as  CaCO^ 

6-17-74 

620 

8.5 

Q.09 

4.5 

0.25 

40 

4 

295 

6-24-74 

580 

8.5 

0.12 

4.4 

0.18 

41 

8 

270 

7-1-74  , 

570 

8.5 

0.24 

4.6 

0.28 

39 

4 

260 

7-8-74 

560 

8.5 

0.36 

4.6 

0.30 

43 

255 

7-15-74 

570 

8.4 

0.33 

5.3 

0.38 

42 

240 

7-22-74 

550 

8.4 

0.52 

5.4 

0.35 

42 

245 

7-29-74 

550 

8.3 

0.44 

4.9 

0.30 

43 

5 

'255 

8-5-74 

560 

8.2 

0.15 

4.4 

o.n 

41 

4 

245 

8-12-74 

570 

8.4 

0.13 

4.4 

0.38 

48 

240 

8-19-74 

560 

8.4 

0.18 

4.2 

0.36 

43 

255 

9-3-74 

600 

8.3 

0.19 

3.8 

0.29 

42 

5 

245 

9-9-74 

590 

8.4 

0.25 

4.2 

0.29 

40 

6 

265 

9-16-74 

610 

8.2 

- 

4.3 

0.33 

39 

8 

245 

9-23-74 

540 

8.5 

1.8 

3.0 

0.30 

44 

315 

9-30-74 

540 

8.4 

0.03 

4.0 

0.33 

40 

6 

315 

10-7-74 

540 

8.4 

0.19 

- 

0.35 

41 

11 

320 

10-14-74 

550 

8.3 

0.05 

2.6 

0.29 

41 

6 

3% 

10-21-74 

560 

8.4 

0.12 

2.7 

0.33 

43 

10 

3^ 

10-28-74 

550 

8.4 

0.05 

2.1 

0.29 

42 

345 

11-4-74 

540 

8.2 

5                10.6 

0.04 

7.9 

0.14 

41 

10 

320 

n-11-74 

570 

8.4 

0                 14.2 

0.07 

9.9 

0.11 

44 

5 

345 

11-18-74 

600 

8.5 

5                 12.4 

0.22 

2.8 

0.22 

42 

3 

340 

11-25-74 

580 

8.6 

- 

0.43 

3.8 

0.26 

43 

3 

345 

12-2-74 

600 

8.6 

0                 13.0 

0.10 

3.9 

0.21 

44 

3 

350 

( 


'V 


( 


Analyses  of  Base  Flow  Samples  Cont'd 


Total 

Fecal 

Fecal 

COD 

BOD 

Col  i form 

Col i form 

Strep. 

Date 

m/y 

mq/i 

per  100  ml 

per  100  ml 

per  100  ml 

6-17-74 

130,000 

1.100 

2,200 

6-24-74 

0 

170,000 

45 

2,800 

7-1-74 

0 

4.900 

1,300 

1 ,000 

7-8-74 

0 

22 ,000 

1,100 

1.000 

7-15-74 

6 

22,000 

2.300 

820 

7-22-74 

0 

33,000 

2.800 

4.900 

7-29-74 

0 

1»,000 

700 

490 

8-5-74 

13 

350 ,000 

3.500 

660 

,        8-12-74 

13 

79.000 

17.000 

— 

^      8-19-74 

38 

28,000 

2,300 

3,300 

9-3-74 

38 

9 ,200 

170 

120 

9-9-74 

38 

23,000 

270 

1,400 

9-16-74 

42 

130,000 

490 

1.000 

9-23-74 

42 

230.000 

790 

2.200 

9-30-74 

33 

23,000 

490 

380 

10-7-74 

46 

49,000 

790 

600 

10-14-74 

54 

49,000 

330 

420 

10-21-74 

38, 

330 

130 

370 

10-28-74 

29 

7,900 

230 

530 

11-4-74 

33,000 

4.900 

5.900 

ll-n-74 

14 

3,300 

220 

570 

11-18-74 

9 

22,000 

- 

500 

11-25-74 

9 

33,000 

330 

600 

12-2-74 

- 

4,900 

490 

730 

I 


Analyses  of  Base  Flow  Samples  Cont'd 


Conduct 

NH3-N 

NO3-N 

Inorg.  P 

Na 

K 

Hardness 

Date 

umhos/cm 

PH 

Temp. 9     C 

D0,mg/1 

mq/1 

mg/1 

mq/l-P 

mg/1 

mg/1 

mq/1  as  CaCO^ 

12-9-74 

610 

8.6 

0 

10.6 

0.12 

4.2 

0.21 

45 

5 

375 

12-16-74 

550 

8.3 

0 

11.2 

o.n 

1.9 

0.10 

42 

3 

330 

1-6-75 

560 

8.5 

1 

12.4 

0.13 

3.3 

0.18 

41 

3 

335 

1-13-75 

570 

8.3 

0 

13.6 

0.22 

3.8 

0.10 

41 

4 

325 

1-20-75 

550 

8.4 

1 

12.8 

0.25 

3.1 

0.20 

38 

3 

315 

1-27-75 

540 

8.4 

*^ 

^ 

0.21 

3.1 

0.21 

39 

3 

310 

2-3-75 

540 

8.2 

1 

14.0 

- 

- 

0.19 

40 

3 

315 

2-10-75 

580 

8.3 

0 

13.6 

0.15 

3.4 

0.19 

40 

2 

275 

2-17-75 

580 

8.2 

2 

14.2 

0.16 

2.6 

0.11 

38 

2 

265 

2-24-75 

570 

8.3 

- 

- 

0.15 

3.2 

0.16 

39 

3 

270 

3-3-75 

580 

8.3 

2 

14.2 

0.14 

3.2 

0.19 

39 

5 

270 

3-12-75 

580 

8.2 

- 

- 

0.14 

3.0 

0.18 

40 

3 

275 

3-17-75 

280 

7.9 

- 

- 

0.18 

3.2 

0.25 

15 

9 

100 

3-31-75 

620 

8.0 

11 

11.2 

0.13 

3.4 

0.18 

42 

4 

275 

4-7-75 

610 

8.3 

- 

- 

0.12 

2.8 

0.18 

40 

3 

270 

4-14-75 

580 

8.3 

15 

16.0 

0.13 

2.2 

0.11 

41 

4 

260 

4-21-75 

570 

8.3 

18 

16.8 

0.20 

1.2 

0.14 

42 

3 

250 

4-28-75 

580 

8.3 

- 

- 

0.20 

2.0 

0.20 

30 

9 

280 

5-4-75 

540 

8.2 

24 

17.4 

0.50 

1.5 

0.14 

42 

3 

260 

5-12-75 

580 

8.2 

20 

13.8 

0.17 

2.8 

0.30 

41 

4 

285 

5-20-75 

560 

8.2 

22 

9.4 

0.28 

2.5 

0.30 

41 

4 

280 

5-27-75 

560 

8.3 

13 

9.0 

0.14 

2.5 

0.30 

40 

2 

280 

6-2-75 

570 

8.2 

- 

- 

0.14 

2.4 

0.30 

40 

10 

285 

(6) 
( 


( 


Analyses  of  Base  Flow  Samples  Cont'd 


I 

CO 
CO 

I 


Total 

Fecal 

Fecal 

COD 

BOD 

Col i form 

Col i form 

Strep . 

Date 

V/ V  Ij* 

mg/1 

ni9/l 

per  100  ml 

per  100  ml 

per  100  ml 

12-9-74 

9 

11.000 

490 

1,100 

12-16-74 

9 

7.000 

•■ 

600 

1-6-75 

14 

17.000 

490 

280 

1-13-75 

9 

13,000 

460 

700 

1-20-75 

9 

13.000 

230 

500 

1-27-75 

14 

3,300 

80 

250 

2-3-75 

32 

4.900 

330 

420 

2-10-75 

4 

7.000 

140 

160 

2-17-75 

4 

9.000 

- 

300 

2-24-75 

4 

2,300 

20 

280 

3-3-75 

4 

130.000 

140 

3,180 

3-12-75 

8 

13,000 

- 

150 

3-17-75 

43 

350 ,000 

790 

28,600 

3-31-75 

3,300 

40 

320 

4-7-75 

17,000 

IB 

610 

4-14-75 

79,000 

170 

730 

4-21-75 

1,700 

68 

150 

4-28-75 

7,900 

5,400 

1.120 

60 

1,000 

5-4-75 

3,300 
3,300 

no 

5-12-75 

^^ 

5-20-75 

~ 

~ 

5-27-75 

3,500 

170 

1,000 

6-2-75 

17,000 

1.700 

1,200 

(7) 
( 
Analyses  of  Base  Flow  Samples  Cont'd 


I 


Date 

6-17-75 

6-23-75 

6-30-75 

7-7-75 

7-14-75 

7-21-75 

7-28-75 

8-4-75 

8-11-75 

8-18-75 

8-25-75 

9-2-75 

9-8-75 

9-15-75 

9-22-75 

9-29-75 

10-6-75 

10-13-75 

10-20-75 

10-27-75 

11-3-75 

n-10-75 

11-17-75 

11-24-75 


Conduct 
umhos/cm 

580 
570 

570 

610 

610 

600 

600 

580 

580 

560 

560 

580 

580 

590 

480 

500 

480 

480 

470 

480 

520 

490 

510 


£H 

7.7 
7.9 

7.8 

8.3 

8.3 

8.2 

8.0 

8.1 

8.1 

8.1 

7.9 

7.8 

7.7 

7.7 

8.0 

8.1 

8.1 

8.2 

8.1 

8.2 

8.1 

7.7 

8.2 


NH3-N 


NO3-N 


temp. ,     C 

26 

18 

22 

20 

16 

19 

21 

21 

22 

20 

21 

25 

14 

10 
14 

n 


D0.,mg/1 
8.1 


10.0 


mg/1         mq/1 


0.15 
0.17 

0.26 

0.08 

0.05 

0.05 

0.04 

0.04 

0.08 

0.39 

0.07 

0.21 

0.09 

0.07 

0.10 

0.10 

0.07 

0.07 

0.06 

0.07 

0.09 

0.11 

0.13 


2.3 

3.0 

2.7 

3.2 

3.8 

4.0 

3.7 

4.0 

3.8 

3.7 

3.6 

3.8 

3.9 

4.0 

4.0 

3.7 

1.2 

3.2 

3.3 

2.6 

2.6 

1.4 

2.9 


Inorg.   P 
mq/l-P 

0.18 
0.30 

0.44 

0.30 

0.40 

0.39 

0.42 

0.45 

0.48 

0.43 

0.46 

0.49 

0.40 

0.47 

0.37 

0.45 

0.20 

0.41 

0.42 

0.38 

0.53 

o.n 

0.31 


Na  K  Hardness 

mq/1         mq/1         mq/1  as  CaCO^ 


43 
40 

39 

40 

38 

39 

38 

38 

39 

40 

39 

41 

38 

m 

38 
38 
39 
38 

m 

40 
43 
41 
42 


5 
5 

4 

5 

4 

3 

3 

3 

4 

6 

4 

12 
5 
4 
4 
5 
4 
9 
5 

13 
4 
4 


285 
280 

275 
270 
260 
265 

260 

250 

260 

250 

255 

255 

250 

260 

255 

260 

275 

270 

270 

285 

270 

275 

285 
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Table    14  I 

Summation  of  Data  from  Runoff  Events  -  July  through  December,  1974 
Dee  Creek  Watershed  -  Lincoln,  Nebraska 


Date  of  Event^  August  16 

Runoff 

cu  ft  810,000 

equiv.   depth  over  watershed,  in  0.045 

max.   rate,  cfs  70 

sampled  flow3,  cu  ft  850.000 

Total  Solids 

tons  49 

tons/acre  0.010 

range  in  concentrations,  mg/1  240-6200 

ave.   concentration,  mg/1  1850 

Inert  Solids 
tons 

tons/acre 

range  in  concentrations,  mg/1 
ave.  concentration,  mg/1 

Volatile  Solids 
tons 

tons/acre 

range  in  concentrations,  mg/1 
ave.  concentration,  mg/1 

Nitrogen  as  N 

Sediment 

lbs  340 

lbs/acre  0.68 

range  in  concentration,  ppm  1,500-4,000 

ave.  concentration,  ppm  3470 

Dissolved 
Ammoni  a 

lbs  16 

lbs/acre  .300 

range  in  concentration,  mg/1  0.11-0.65 

ave.  concentration,  mg/1  0.30 

Nitrate 

lbs  170 

lbs/acre  0.34 

range  in  concentration,  mg/1  1.6-3.9 

ave.  concentration,  mg/1  3.2 
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^>-'  1 

Summation  Data  July  through  December,  1974      Cont'd 

Phosphorus  as  P 

Sediment 

lbs  43 

lbs/acre  0.009 

range  in  concentration,  ppm  210-500 

ave.  concentration,  ppm  440 

Dissolved  Inorganic 

lbs  19 

lbs/acre  0.004 

range  in  concentration  mg/1  0.11-0.50 

ave.  concentration,  mg/1  0.36 

Potassium 

lbs  960 

lbs/acre  0.18 

range  in  concentration,  mg/1  5-29 

ave.  concentration,  mg/1  17 

Sodi  urn 

lbs  1500 

lbs/acre  0.30 

range  in  concentration,  mg/1  20-41 

'v^                          ave.  concentration,  mg/1  28 

Chemical  0)O'gen  Demand 

lbs  7200 

lbs/acre  1.4 

range  in  concentration,  mg/1  4-340 

ave.  concentration,  mg/1  135 

■'•During  the  study  period,  precipitation  on  the  watershed  was 
considerably  below  normal.     Therefore,  these  data  should  not  be 
considered  representative  of  runoff  during  normal  weather  conditions. 

2 
A  runoff  event  was  assumed  to  occur  when  the  depth  of  flow  in 

the  creek  at  the  control  structure  increased  sufficiently  above  base 

flow  to  start  the  sampling  equipment  (0.3  foot). 

3 

Sampled  flow  values  represent  the  quantity  of  water  passing 
the  gauging  station  during  the  period  of  sampling.     Base  flows  were 
subtracted  from  these  values  to  obtain  the  runoff  volumes.     Because 
concentrations  of  parameters  such  as  suspended  solids  and  associated 
components  are  minimal  under  base  flow  concitions,  sampled  flow 
values  were  used  for  calculating  quantities  and  average  concentrations 
of  constituents  in  the  runoff. 
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Table   15 
SiBBnatlon  of  Data  from  Runoff  Events  -  1975 
Dee  Creek  Watershed-Lincoln,  Nebraska 


1 


Date  of  Event 

March  18 

March  19 

March  20 

March  27 

Runoff 

cu  ft 

2.600.000 

2,500.000 

110,000 

820,000 

equlv.  depth  over  watershed.  In 

0,14 

0.14 

0.006 

0.045 

max.   rate  cfa 
sampled  flow^,  cu  ft 

140 

140 

45 

60 

3,200,000 

3,100.000 

1,000,000 

1,300,000 

Total  Solids 

tons 

391 

342 

34.9 

79.5 

tons/acre 

0.078 

0.068 

0.007 

0.016 

range  in  concentrations,  mg/1 

240-6700 

220-5600 

380-1900 

650-2500 

ave.  concentration,  mg/1 

3900 

3500 

1100 

2000 

Inert  Solids 

tons 

359 

311 

31 

70.3 

tons /acre 

.072 

.062 

.006 

.014 

range  in  concentrations,  mg/1 

180-6200 

130-5100 

270-1700 

530-2300 

ave.  concentration,  mg/1 

3600 

3200 

990 

1700 

Volatile  Solids 

tons 

32 

31 

3.9 

9.2 

tons/acre 

.006 

.006 

.0008 

.002 

range  in  concentrations,  mg/1 

4-500 

90-490 

40-190 

130-260 

ave.  concentration,  mg/l 

320 

320 

120 

220 

Nitrogen  as  N 

Sediment 

lbs 

1280 

935 

135 

325 

lbs/acre 

0.26 

0.19 

0.027 

0.065 

range  In  concentration,  ppm 

1300-4400 

1100-3500 

1600-2800 

1600-3200 

ave.  concentration,  ppm 

1600 

1400 

1900 

2000 

Dissolved 

Ammonia 

lbs 

36 

32 

3.7 

7.5 

lbs/acre 

0.007 

0.006 

0.001 

0.002 

range  in  concentration  mg/1 

0.14-0.54 

0.01-1.2 

0.05-0.09 

0.01-0.20 

ave.  concentration,  mg/1 

0.16 

0.17 

0.06 

0.09 

Nitrate 

lbs 

532 

500 

167 

278 

lbs/acre 

0.11 

0.10 

0.033 

0.056 

range  in  concentration  ing/l 

2.1-3.3 

2.0-3.6 

2.3-3.7 

2.6-4.3 

ave.  concentration,  mg/l 

2.7 

2.6 

2.7 

3.4 

April  23 

230.000 

0.013 

17 

140,000 


0.13-0.23 


1.6-3.0 
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Stimnatlon  of  Data  from  Runoff  Event  -  1975^  Cont'd 


Date  of  Event 

March  18 

March  19 

March  20 

March  27 

April  23 

Phosphorus  as  P 

Sediment 

lbs 

155 

135 

15 

46 

_ 

lbs/acre 

0.033 

0.027 

.003 

0.009 

range  in  concentration,  ppm 

180-330 

65-280 

70-330 

120-440 

^ 

ave.   concentration,  ppm 

210 

200 

210 

290 

Dissolved  Inorganic 

lbs 

55 

33 

11 

27 

lbs/acre 

0.011 

0.007 

0.002 

0.005 

range  in  concentration  mg/1 

0.07-0.51 

0.08-0.25 

0.15-0.22 

0.19-0.36 

0.07-0.24 

ave  concentration,  mg/1 

0.28 

0.17 

0.18 

0.33 

Potassium 

lbs 

1740 

1700 

470 

760 

lbs/acre 

0.35 

0.34 

0.094 

0.15 

range  in  concentration,  mg/1 

8-11 

7-22 

7-8 

5-10 

3-10 

ave.  concentration,  mg/l 

9 

9 

8 

9 

Sodi  urn 

lbs 

2160 

2320 

1200 

1480 

lbs/acre 

0.43 

0.46 

0.24 

0.30 

range  in  concentration,  mg/l 

8-19 

8-26 

15-30 

15-31 

30-39 

ave.   concentration,  mg/l 

11 

12 

19 

18 

Chemical  Oxygen  Demand 

lbs. 

77.000 

35,800 

3700 

9920 

_ 

lbs/acre 

15 

7.2 

0.74 

2.0 

_ 

range  in  concentration  mg/l 

15-1170 

31-285 

16-135 

45-170 

^ 

ave.   concentration,  mg/l 

385 

185 

60 

120 

During  the  study  period,  precipitation  on  the  watershed  was  considerably  below  normal. 
Therefore,  these  data  should  not  be  considered  representative  of  runoff  during  normal 
weather  conditions. 

2 

During  1975  and  1976,  the  equipment  was  adjusted  to  commence  sampling  when  the  depth 
of  flow  in  the  creek  Increased  0.2  foot  above  base  flow  conditions. 
3 

Due  to  malfunction  of  equipment,  sampling  data  are  Incomplete  for  this  runoff  event. 
4 

Sampled  flow  values  represent  the  quantity  of  water  passing  the  gauging  station  during 
the  period  of  sampling.     Base  flows  were  subtracted  from  these  values  to  obtain  the  runoff 
volumes.     Because  concentrations  of  parameters  such  as  suspended  solids  and  associated 
components  are  minimal  under  base  flow  conditions,  sampled  flow  values  were  used  for  calcu- 
lating quantities  and  average  concentrations  of  constituents  in  the  runoff. 
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Sunmatlon  of  D«ta  from  Runoff  Event  -  1975^  Cont'd 


Date  of  Event 

May  27 

June  2 

June  8 

June  18 

June  25 

Runoff 

cu  ft 

130,000 

1,000,000 

750,000 

1,800.000 

170,000 

eqy1v.  depth  over  watershed,  1n 

0.007' 

0.059 

0.041 

0.098 

0.009 

max.   rate  cfa 
Sampled  flow*,  cu  ft 

8 

110 

75 

200 

10 

70.000 

1.100.000 

810.000 

1.800.000 

140,000 

Total  Solids 

• 

tons 

1.5 

233 

134 

283 

6.8 

tons/acre 

0.0003 

0.046 

0.027 

0.056 

0.001 

range  In  concentrations,  mg/i 

470-880 

380-11,000 

250-8.100 

280-8000 

240-3100 

ave.   concentration,  mg/1 

690 

6800 

5300 

5000 

1600 

Inert  Solids 

ton 

- 

206 

118 

251 

5.9 

ton/acre 

- 

0.041 

0.024 

0.050 

0.001 

range  in  concentration,  mg/i 

- 

300-9,600 

190-7,200 

200-7200 

160-2700 

ave.   concentration,  mg/l 

- 

6000 

4700 

4500 

1400 

Volatile  Solids 

ton 

- 

27 

16 

32 

0.9 

tons/acre 

- 

0.005 

0.003 

0.006 

Nil 

range  in  concentration,  mg/1 

- 

80-1200 

60-860 

70-820 

70-400 

ave.  concentration,  mg/1 

- 

790 

630 

570 

210 

Nitrogen  as  N 

Sediment 

lbs 

7.1 

832 

475 

1040 

29.1 

lbs/acre 

0.001 

0.17 

0.095 

0.21 

0.006 

range  in  concentration,  ppm 

2.200-2,500 

1,300-2500 

700-2,600 

1,000-2600 

2000-2500 

ave.   concentration,  ppm 

2400 

1800 

1800 

1800 

2100 

Dissolved 

Ammonia 

lbs 

1.8 

23 

11 

38 

2.4 

lbs/acre 

N11 

0.005 

0.002 

0.008 

Nil 

range  in  concentration,  mg/l 

0.23-1.1 

0.16-0.98 

0.12-0.52 

0.13-0.47 

0.13-3.7 

ave.  concentration,  mg/1 

0.41 

0.34 

0.22 

0.34 

0.27 

Ni  trate 

lbs 

6.6 

250 

152 

232 

24.7 

lbs/acre 

0.001 

.050 

0.030 

0.046 

0.005 

range  in  concentration,  mg/1 

1.3-1.8 

2.0-4.6 

2.6-3.9 

1.2-2.6 

2.1-3.6 

ave.  concentration,  mg/1 

1.5 

3.6 

3.0 

2.1 

2.8 

Phosphorus  as  P 

Sediment 

lbs 

0.3 

43 

29 

67 

2 

lbs/acre 

Nil 

0.009 

0.006 

0.013 

Nil 

range  in  concentration,  ppm 

25-200 

17-150 

31-170 

49-370 

36-190 

ave.   concentration,  ppm 

100 

90 

110 

120 

150 
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Summation  of  Data  from  Runoff  Event  -  1975^ 


1975*  Cont'd 


Date  of  Event ^ 

Dissolved  Inorganic 
lbs 

lbs/acre 

range  in  concentration,  mg/l 
ave.  concentration,  mg/i 

Potassium 
lbs 

lbs/acre 

range  in  concentration,  mg/i 
ave.  concentration,  mg/i 

Sodi  um 
lbs 

lbs/acre 

range  In  concentration,  mg/1 
ave.  concentration,  mg/i 

Chemical  0)<ygen  Demand 
lbs 

lbs/acre 

range  in  concentration,  mg/i 
ave.  concentration,  n^/l 


M«y  27 


0.8 

Nil 

0.17-0.24 

0.18 


24 

0.005 

4-11 

5 


139 

0.028 

32-35 

32 


146 

0.03 

0.0-59 


June  2 


5.9 

0.001 

0.04-0.28 

0.09 


600 

0.12 

6-10 

9 


1100 

0.22 

10-36 

16 


34,700 
6.9 

26-770 
510 


June  8 


4.6 

0.001 

0.05-0.28 

0.09 


450 

0.09 

6-16 

9 


735 
0.15 
8-33 

15 


20,200 
4.0 

21-550 
^00 


June  18 


14 

0.003 

0.08-0.25 

0.12 


990 

0.20 

5-15 

9 


1270 

0.25 

6-35 

11 


40,400 
8.1 

39-510 
360 


June  25 


1.5 

Nil 

0.13-0.24 

0.17 


68 

0.014 

6-13 

8 


264 

0.053 

18-38 

30 


935 

0.19 

21-230 

110 
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Table  16 
SumiHtlon  of  Dsta  from  Runoff  Event  -  19761 
Dee  creek  Watershed-Lincoln •  Nebraska 


Date  of  Event 

Hareh  29^ 

April  6^ 

April    15 

April  24 

April  27 

Runoff 

cu  ft 

6»,000 

110.000 

180,000 

340.000 

1,000,000 

equiv.  depth  over  watershed  In 

0.035 

0.006 

0.010 

0.019 

0.055 

max.   rate  cfs 

19 

6.5 

17 

9.5 

100 

sampled  flow,  cu  ft 

200,000 

210.000 

1,100,000 

Total  Solids 

tons 

M.6 

6.8 

152 

tons/acre 

0.006 

0.001 

0.030 

range  1n  concentrations,  ng/l 

280-9100 

370-1400 

560-6000 

ave.  concentration,  mg/1 

4900 

1040 

4400 

Inert  Solids 

tons 

26.5 

5.6 

132 

tons/acre 

0.005 

0.001 

0.026 

range  In  concentrations,  mg/l 

210-8000 

260-1200 

460-5300 

ave.  concentration,  •g/1 

4200 

850 

3800 

Volatile  Solids 

tons 

4.1 

1.2 

20 

tons/acre 

0.001 

Nil 

0.004 

range  In  concentrations,  mg/1 

76-1100 

78-240 

5O«-710 

ave.  concentration,  mg/l 

650 

200 

600 

Nitrogen  as  N 

Sediment 

lbs 

168 

67 

790 

lbs/acre 

0.034 

0.013 

0.16 

range  In  concentration  ppM 

2300-3X0 

3400-7000 

2000-3600 

ave.  concentration,  ppm 

2740 

4900 

2600 

Dissolved 

Amnonia 

lbs 

6.5 

6.5 

42 

lbs/acre 

0.001 

0.001 

0.008 

range  in  concentration,  mg/l 

c 

0.13-0.86 

0.15-0.66 

0.26-1.2 

ave.  concentration,  ng/1 

0.52 

0.50 

0.61 

Nitrate 

lbs 

15 

24 

134 

lbs/acre 

0.003 

0.005 

0.027 

range  In  concentration,  ng/l 

0.74-1.9 

1.1-2.8 

0.98-3.4 

ave.  concentration.  M9/I 

1.2 

1.8 

2.0 

Phosphorus  as  P 

Sediment 

lbs 

9.2 

6.2 

61 

lbs/acre 

0.002 

0.001 

0.012 

range  1n  concentration,  ppm 

21-210 

25-770 

19-360 

ave.  concentration,  ppm 

150 

450 

200 
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Summation  of  Data  from  Runoff  Event  -  1976^    Cont'd 


Date  of  Event 

Dissolved  Inorganic 
lbs 

lbs/acre 

range  In  concentration,  mg/1 
ave.  concentration,  mg/1 

Potassium 
lbs 

lbs/acre 

range  In  concentration,  mg/l 
ave.  concentration,  nig/1 

Sodi  urn 
lbs 

lbs/acre 

range  In  concentration,  mg/1 
ave.  concentration,  mg/1 

Chemical  Oxygen  Demand 
lbs 

lbs/acre 

range  in  concentration,  mg/1 
ave.  concentration,  mg/1 


March  29 


April 


April   15 


2.1 
Nil 
0.06-0.28 
0.17 


99 
0.20 


330 

0.066 

14-42 

26 


5030 

1.0 

25-700 

400 


April  24       April  27 


6.9 

0.001 

0.13-0.92 

0.53 


150 

0.30 

6-14 

11 


389 

0.078 

27-33 

30 


11 

0.002 

0.09-0.33 

0.16 


520 

0.10 

5-10 

8 


1180 

0.24 

16-160 

90 


990 

0.20 

9-37 

14 


34,700 

6.9 

130-620 

500 


^During  the  study  period,  precipitation  of  the  watershed  was  considerably  below  norma", 
Therefore,  these  data  should  not  be  considered  representative  of  runoff  during  normal 
weather  conditions. 

^During  1975  and  1976,  the  equipment  was  adjusted  to  conmence  sunpling  when  the  depth 
of  flow  in  the  creek  increased  0.2  foot  above  base  flow  conditions. 

W  to  malfunction  of  equipment,  these  events  were  not  sampled. 
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Summation  of  Data  from  Runoff  Event  -  1976^ 


Date  of  Event^ 
Runoff 

May  22 

May  23 

.Sept  19 

Sept  25 

cu  ft 

460,00£ 

»     1,400 .OOC 

I         180.000 

100.000 

equiv.  depth  over  watershed  in 
max.   rate,  cfs 
sampled  flow,  cu  ft 

0.025            0.077            O.'OIO 

47                150               9.8 

520,000     1,700,000         150,000 

0.006 

7.8 

90,000 

Total  Solids 

tons 
tons/acre 

80 
0.016 

295 
.059 

6.5 
.001 

5.1 
001 

range  in  concentrations,  mg/1 

140-7500 

14OO-ia7O0 

370-2800 

0-9500 

ave.   concentration,  mg/l 

4900 

560Q 

1400 

1800 

Inert  Solids 

tons 

68 

261 

tons/acre 

0.014 

0.050 

range  in  concentrations,  mg/1 

80-6500 

1200-9200 

ave.   concentrations,  mg/i 

4200 

4920 

Volatile  Solids 

tons 

12 

34 

tons /acre 

0.002 

0.00^ 

range  in  concentrations,  mg/i 

60-1100 

250- 1500 

ave.  concentration,  mg/i 

700 

640 

Nitrogen  as  N 

Sediment 

lbs 

420 

1820 

42 

47 

lbs/acre 

0.084 

0.36 

0.008 

0.009 

range  in  concentration  ppm 

2200-4900 

2600-4900 

2800-4200 

3600-5000 

ave.  concentration,  ppm 
Dissolved 

2600 

3100 

3200 

4600 

Ammonia 

lbs 
lbs/acre 

15 
0.003 

48 
0.010 

2.3 
Nil 

1.4 
Nil 

range  in  concentration  mg/ 

0.17-0.70 

0.33-0.53 

0.08-1.1 

0.10-0  74 

ave.   concentration,  mg/l 
Nitrate 

0.46 

0.45 

0.25 

0.25 

lbs 
lbs/acre 

65 
0.013 

405 
0.081 

15 
0.003 

8.6 
0.002 

range  in  concentration  n^^l 

1.1-3.7 

2.2-4.8 

0.6-4.0 

1  2-2  8 

ave.  concentration,  mg/i 

2.0 

3.£ 

1.6 

1.5 

Phosphorus  as  P 

Sediment 

lbs 

26 

93 

4.1 

5.9 

lbs/acre 

0.005 

0.019 

0.001 

0.001 

range  in  concentration  ppm 

53-280 

98-240 

280-380 

500-620 

ave.   concentration,  ppm 

160 

160 

320 

580 
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Sunmatlon  of  Data  from  Runoff  Event  -  1976  Cont'd 


Date  of  Event 

Dissolved  Inorganic 
lbs 

lbs/acre 

range  in  concentration  Wg/l 
ave.  concentration,  mg/1 

Potassium 
lbs 

lbs/acre 

range  in  concentration  mg/1 
ave.   concentration,  mg/1 

Sodi  urn 

lbs 

lbs/acre 

range  in  concentration  mg/1 

ave.  concentration,  mg/1 

Chemical  Oxygen  Demand 
lbs 

lbs/acre 

range  in  concentration  mg/1 
ave.  concentration,  mg/1 


May  22 


5.0 

0.001 

.09-0.35 

0.15 


31S 

0.063 

6-13 

10 


515 

0.10 

10-22 

16 


13,400 
2.7 

35-600 
415 


May  23 


26 

0.005 

0.12-0.47 

0.25 


1220 

0.24 

9-13 

12 


1210 

0.24 

7-29 

11 


48,800 

9.8 

140-830 

460 


Sept  19 


5.4 

0.001 

0.27-0,68 

0.58 


90 

0.018 

6-18 

7 


410 

0.08 

20-38 

34 


279 

0.056 

14-210 

50 


Sept  25 


2.7 
Nil 
0.41-0.62 
0.48 


66 
0.013 
10-16 

12 


123 

0.025 

19-25 

22 
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Based  on  data  presented  in  Table  8,  approximately  30  percent  of  the  dissolved 
nitrogen  in  the  runoff  could  be  due  to  the  nitrogen  present  in  the  precipitation. 
In  the  30  month  study  period,  runoff  was  recorded  during  nine  months.  Recorded 
monthly  runoff  values  and  associated  total  solids  are  presented  below: 

Month  Runoff,  inches  Total  Solids,  tons/acre 

August,  1974  0.045  0.01 

March,  1975  0.33  0.17 

April,  1975  0.013  NA 

May,  1975  0.007  0.0003 

June,  1975  0.21  0.13 

March,  1976  0.035  NA 

April,  1976  0.090  —0.04 

May,  1976  0.10  i       0.075 

September,  1976  ,,     0.016  0.002 

Figures  8-10  show  the  hydrograph  and  associated  sediment  and  nutrient 
transport  for  one  of  the  major  recorded  runoff  events,  June  18,  1975.  As 
expected,  the  rate  of  movement  or  loss  of  the  various  components  from  the 
watershed  is  related  to  the  rate  of  runoff.  Since  soils  transport  is  dependent 
upon  runoff  rates,  this  general  relationship  exists  whether  the  compound  is 
dissolved  In  the  water  or  adsorbed  to  the  transported  solids. 

The  simulated  hydrograph  obtained  for  this  runoff  event  for  one  of  the 
runs  using  the' ARM  Model  is  also  included  in  Figure  8.  The  relationships 
between  recorded  and  simulated  hydrographs  are  discussed  in  the  section  of 
this  report  on  calibration  and  evaluation  of  runoff  simulation  models. 
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Figure  8:  June  18,  1975  Storm  Runoff.  Dee  Creek  Watershed.  Lincoln,  Nebraska 
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V.  DISCUSSION  AND  EVALUATION  OF  RUNOFF  SIMULATION  MODELS 

The  Federal  Water  Pollution  Control  Act  Amendments  of  1972  requires  that 
the  significance  of  nonpoint  waste  discharges  on  water  quality  be  evaluated. 
Because  of  the  numerous  variables  involved,  this  is  an  extremely  difficult 
task.  One  approach  which  is  showing  some  promise  in  evaluating  the  impact 
of  these  discharges  is  the  use  of  mathematical  models.  These  models  attempt 
to  simulate  the  complex  physical  processes  involved  through  the  use  of  mathe- 
matical functions. 

While  considerable  effort  has  gone  into  the  development  of  these  models, 
additional  testing  is  needed  to  evaluate  their  effectiveness  and  to  more 
clearly  define  their  limitations.  One  of  the  objectives  of  this  study  was 
to  use  the  runoff  data  obtained  to  evaluate  the  applicability  of  available 
continuous  simulation  models  for  watersheds  of  the  type  studied  in  this  project. 
The  drainage  area  studied  is  of  an  intermediate  size  (7.8  square  miles)  whereas 
available  models  are  primarily  designed  for  use  on  small  or  large  watersheds. 

Four  models  were  considered  for  use  in  this  study.  However,  one  of  the 
models,  ARSMOD,  which  was  developed  by  the  Agricultural  Research  Service 
of  the  U.S.  Department  of  Agriculture, is  currently  undergoing  major  revisions 
and  as  a  result  was  not  used  in  this  study.  The  other  three  models.  Pesticide 
Transport  and  Runoff  (PTR),  Agricultural  Runoff  Management  (ARM)  and  Nonpoint 
Source  Pollutant  Loading  (NPS)  Models,  were  developed  by  Hydrocomp,  Inc.  under 
contracts  and  in  cooperation  with  the  U.S.  Environmental  Protection  Agency, 
Environmental  Research  Laboratory,  Athens,  Georgia  (1,  2,  3). 

In  these  models,  hydrologic  simulation  is  limited  to  overland  flow.  As  a 
result,  it  is  suggested  that  their  use  be  limited  to  drainage  areas  where  channel 
effects  are  not  significant--probably  areas  up  to  one  to  two  square  miles.  The 
Dee  Creek  watershed,  exceeds  this  limit.  However,  in  the  absence  of  more 
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suitable  models,  these  programs  were  used  to  evaluate  their  possible  application 
to  larger  drainage  basins. 

Initial  calibration  efforts  were  made  using  the  PTR  Model.  This  program 
provides  for  simulation  of  the  hydrology,  sediment  loss  and  pesticide  movement. 
Hydrologic  simulation  in  this  model  is  similar  to  the  approach  used  in  the 
Hydrocomp  Simulation  Program  (HSP)(4).  One  major  disadvantage  of  the  PTR  Model 
is  its  inability  to  simulate  snow  melt.  Because  of  this  limitation,  it  was 
found  to  be  unsatisfactory  for  use  on  the  Dee  Creek  watershed. 

In  February,  1976,  information  was  released  on  the  ARM  (Agricultural  Runoff 
Management)  Model.  This  model  evolved  from  the  PTR  Model  and  therefore  is  quite 
similar  except  it  has  provisions  for  snow  melt  and  nutrient  simulation.  A  simplified 
flow  chart  of  the  ARM  Model  is  shown  in  Figure  11.  As  is  typical  of  models  of 
this  type,  good  hydrologic  simulation  Is  required  before  the  other  components 
can  be  calibrated.  The  general  relationship  existing  between  the  rate  of  runoff 
and  the  movement  of  sediment  and  other  components  Is  apparent  from  Figures  8-10. 

Detailed  information  on  the  use  of  the  models  Is  provided  in  the  reference 
manuals.  Additional  information  is  also  included  in  two  master's  theses  prepared 
on  this  project  (5,  6).  For  information  purposes,  some  of  the  parameters  used 
in  the  ARM  Model  are  listed  in  Table  17. 

Input  weather  data  requirements  for  the  ARM  Model  include  precipitation, 
maximum  and  minimum  daily  temperatures  and  daily  values  for  evaporation,  radiation, 
dewpoint  and  wind.  In  this  program,  soil  temperatures  are  related  to  air  temperatures-- 
which  are  more  readily  available.  As  discussed  previously  precipitation  data  were 
obtained  from  rain  gauges  located  on  the  watershed.  Other  information  was 
obtained  from  publications  of  the  National  Oceanic  and  Atmospheric  Administration 
for  reporting  weather  stations  near  the  study  area.  For  this  study,  pan  eva- 
poration, wind  and  air  temperature  data  were  obtained  from  the  University  of  Nebraska 
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Figure  11:  General  Structure  and  Operation  of  the  ARM  Model 


Table  17 

Listing  of  Hydrology,  Snow  Melt  and  Sediment 
Parameters  Used  in  the  EPA-ARM  Model 


Hydrology  Parameters 

A:       Fractional  area  of  the  watershed  which  is  impervious. 

EXPM:    An  interception  storage  parameter,  related  to  depression  storage  prior 
to  occurrence  of  runoff. 

UZSN:    Nominal  moisture  storage  in  the  upper  zone,  which  is  the  depth  of  normal 
tillage  or  chemical  application. 

LZSN:    Nominal  lower  zone  soil  moisture  storage.  The  lower  zone  is  assumed 
to  be  approximately  six  feet  deep. 

K3:      Index  to  actual  evaporation. 


K24L, 
K24EL: 


INFIL: 

INTER: 

L: 

SS: 

NN: 


Respective  parameters  controlling  the  loss  of  water  from  near  surface 
to  active  groundwater  storage  to  deep  percolation  and  transpiration. 

An  index  to  the  mean  infiltration  rate  on  the  watershed. 

Refers  to  the  interflow  component  of  runoff. 

Length  of  overland  flow  before  runoff  water  reaches  a  channel. 

Average  overland  flow  slope. 

Manning's  N  for  overland  flow. 


IRC, 
KK24: 

KV: 


Interflow  and  groundwater  recession  rates. 
Parameter  for  varying  groundwater  discharge. 


Snow  Melt  Parameters 


RADCON, 
CCFAC: 


SCF: 
ELDIF: 


Parameters  for  adjusting  theoretical  solar  radiation  and  condensation 
convection  melt  equations  to  field  conditions. 

Correction  factor  for  adjusting  recorded  snow  precipitation. 

Elevation  difference  between  temperature  recording  station  and  the 
watershed. 
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I  DNS: 

F: 

DGM: 

WC: 

MPACK: 

EVAPSN: 

MELEV: 

TSNOW: 

PETMIN, 
PETMAX: 


PETMUL, 

WMUL, 

RMUL: 


KUGI: 
JRER: 

KRER: 

JSER: 
KSER: 


SRERI, 
SRERTL: 


COVPMO: 


Density  of  new  snow  at  0  F. 

Fraction  of  the  watershed  covered  by  trees. 

Daily  ground  melt. 

Maximum  liquid  water  content  of  the  snowpack. 

Estimated  water  equivalent  of  the  snowpack. 

Adjusts  theoretical  snow  evaporation  to  field  conditions. 

Mean  elevation  of  each  watershed  segment. 

Temperature  below  which  precipitation  is  assumed  to  be  snow. 


Temperature  for  adjusting  potential  evapotranspiration.  Below   * 
PETMIN  evapotranspiration  is  zero,  above  PETMAX  no  adjustment  is  made, 


Adjustment  of  input  potential  evapotranspiration,  wind  and  solar 
radiation  for  watershed  conditions. 

Factor  for  reducing  wind  in  forested  areas. 

Exponent  in  soil  splash  equation  related  to  rainfall  intensity  and 
incident  energy. 

Coefficient  in  the  soil  splash  equation  related  to  the  erodibility 
of  the  soil . 

Relates  overland  flow  velocity  and  sediment  transport  capacity. 

Coefficient  in  sediment  washoff  relating  slope,  overland  flow 
length,  sediment  particle  size  and  surface  roughness. 


Soil  fines  initially  present  on  the  land  surface  and  (SRERTL)  the 
amount  produced  by  tillage. 

Fraction  of  the  soil  covered  by  vegetation  on  a  monthly  basis. 
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Agronomy  Laboratory  located  at  Mead.  Nebraska.  Solar  radiation  and  dewpoint 
information  were  obtained  from  the  Omaha,  Nebraska  National  Weather  Service 
Office  at  Eppley  Airfield.  A  copy  of  the  input  data  for  the  Dee  Creek  watershed 
is  included  in  the  appendix  of  this  report. 

Although  the  NPS  Model  is  similar  to  the  ARM  Model,  it  has  the  capability 
of  simulating  runoff  from  pervious  and  impervious  areas  and  therefore  can  also 
be  used  for  simulation  of  runoff  from  urban  areas.  While  the  ARM  and  NPS  Models 
are  similar  in  their  approach  to  hydrologic  and  sediment  transport  simulation, 
the  NPS  Model  assumes  other  constituents  can  be  modeled  by  relating  their  con- 
centrations in  the  runoff  as  a  percentage  of  the  quantity  of  sediment.  These 
relationships  are  referred  to  as  "potency  factors."  As  discussed  later  in  this 
report,  because  of  difficulty  encountered  in  calibrating  the  hydrologic  segment 
of  the  models,  limited  progress  was  made  relative  to  sediment  and  nutrient  modeling, 
However,  potency  factors  for  Dee  Creek  as  determined  from  the  average  values  for 
runoff  events  which  occurred  during  the  study  period  are  listed  below. 

Potency  Factor 
0.015 
0.11 
0.26 
0.38 
0.013 
0.023 
0.037 
1.1 
0.43 
7.5 
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Parameter 

NH3-N 

NOj-N 

Sediment  N 

Total  N 

Inorganic  P 

Sediment  P 

Total  P 

Na 

K 

COD 

Difficulties  encountered  in  calibrating  the  hydrology  of  the  watershed 
prevented  meaningful  evaluation  of  the  sediment  transport  and  nutrient  loss 
segment  of  the  ARM  and  NPS  Models.  However,  initial  calibration  runs  were  made 
for  these  components.  Parameter  values  used  for  the  ARM  Model  are  included  in 
the  appendix.  Assumed  values  were  based  on  laboratory  analyses  of  runoff 
samples,  information  obtained  from  the  Agricultural  Research  Service  and  data 
included  in  a  draft  copy  of  a  report  on  further  testing  of  the  ARM  Model  which 
was  provided  by  the  U.  S.  Environmental  Protection  Agency,  Environmental  Research 
Laboratory,  Athens,  Georgia.  Fertilizer  application  data  were  based  on  reported 
usages  during  the  study.  It  should  be  emphasized  that  the  parameter  values  pre- 
sented are  initial  estimates  and  are  probably  not  the  values  which  would  be 
selected  based  on  satisfactory  model  simulation. 

Numerous  computer  runs  were  made  to  calibrate  the  hydrologic  portion  of  the 
ARM  and  NPS  Models.  Comparisons  of  monthly  simulated  and  recorded  runoff  values 
for  some  of  the  runs  are  presented  in  Figures  12-15.  Simulated  versus  recorded 
runoff  hydrographs  and  associated  solid  concentrations  for  selected  storm  events 
for  two  computer  runs  are  presented  in  Figures  16-17.  Summaries  of  simulated 
monthly  runoff  values  for  a  run  made  using  the  EPA-ARM  Model  are  included  in 
the  appendix. 

Probably  the  most  difficult  period  of  the  year  to  simulate  runoff  is  during 
the  spring  thaw.  During  this  period  runoff  can  occur  from  the  melting  process  and 
spring  rains.  In  addition,  ground  conditions  and  associated  infiltration  rates 
are  quite  variable.  Although  the  models  attempt  to  simulate  snowmelt  and  ground 
conditions  by  using  theoretical  equations  and  related  input  weather  data,  it  is 
obvious  that  the  results  obtained  in  this  study  for  the  month  of  March  were  poor. 
In  March  1975  simulated  runoff  volumes  were  considerably  higher  than  recorded 
values,  and  in  March  1976  the  reverse  was  true. 
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Figure  12:  Monthly  simulated  results  for  Oee  Creek  (July,  1974  -  December,  1976) 
ARM  Hydrology  Parameter  for  the  Dee  Creek  Watershed  (Figure  12) 
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ARM  monthly  simulation  results  for  Dee  Creek  (July  1974  -  June  1976) 
ARM  MODEL  HYDROLOGY  PARAMETERS  FOR  THE  DEE  CREEK  WATERSHED  (Figure  13) 
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Figure  14:     NFS  monthly  simulation  results  for  Dee  Creek       (July  1974  -  December  1976) 


NPS  MODEL  HYDROLOGY  PARAMETERS  FOR  THE  DEE  CREEK  WATERSHED     (Figure  14) 
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Figure   15:    NPS  monthly  simulation  results  for  Dee  Creek     (July  1974  -  December  1976) 
NPS  HYDROLOGY  PARAMETERS  FOR  THE  DEE  CREEK  WATERSHED     (Figure  15) 
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Figure  16:   ARM  runoff  and  total  solids  loss  for  Dee  Creek  for  selected  storm  events. 
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Figure  17:  NPS  runoff  and  total  solids  loss  for  Dee  Creek  for  selected  storm  events 
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In  March  1975,  snowmelt  occurred  over  a  relatively  short  period  of  time 
as  a  result  of  spring  rains  and  warm  temperatures.  As  a  result,  the  ground  was 
frozen  and  a  relatively  high  percentage  of  water  ran  off.  On  the  contrary, 
during  the  winter  of  1975-76,  snowmelt  was  limited  and  the  runoff  event  which 
occurred— March  29— was  preceeded  by  a  period  of  warm  temperatures.  As  a  result, 
limited  frost  was  in  the  ground,  and  the  infiltration  rate  was  much  higher  at 
the  time  of  this  major  early  spring  rain.  Calibration  of  this  event  was  also 
hampered  by  the  fact  that  only  one  rain  gauging  station  was  operational  at  the 
time  of  this  storm.  Therefore,  the  intensity  and  quantity  of  rainfall  used  for 
this  storm  may  not  have  adequately  represented  the  average  for  the  watershed. 
Except  for  an  infiltration  rate  adjustment  during  cold  weather— which  is 
included  in  the  models-a  constant  infiltration  rate  is  used  throughout  the  year. 
Results  of  the  study  indicate  a  probable  change  in  infiltration  rate  during  the 
growing  season.  Reportedly,  consideration  is  being  given  to  modifying  the  pro- 
grams to  provide  varying  infiltration  rates  during  the  year. 

Since  some  model  parameter  values  provided  better  simulation  in  1974-75 
than  in  1975-76  and  vice  versa,  the  infiltration  rate  probably  also  varied  on 
an  annual  basis.  (See  Figures  12-15.)  This  could  be  attributed  to  the  variance 
in  winter  weather  conditions,  soil  moisture  conditions  at  the  time  of  tillage, 
and  noted  changes  in  the  crops  raised. 

One  of  the  major  problems  encountered  in  simulating  runoff  from  a  drainage 
area  the  size  of  Dee  Creek  is  the  variance  in  the  timing,  intensity  and  amount 
of  precipitation  over  the  watershed.  In  this  study,  major  variations  to  these 
factors  were  noted  for  some  rainfall  events.  However,  input  data  for  the  pro- 
grams represent  the  average  amount  of  precipitation  over  the  watershed  in  15- 
minute  increments.  Obviously,  this  factor  becomes  much  more  significant  for 
larger  watersheds. 
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Reportedly,  Hydrocomp,  Inc.  is  in  the  process  of  developing  a  stream 
simulation  model  for  use  in  conjunction  with  the  NPS  Model.  By  this  approach, 
larger  watersheds— such  as  Dee  Creek— could  be  broken  down  into  desired  sub- 
basins  and  the  output  from  each  of  these  units  would  serve  as  input  to  the 
stream  simulation  model.  If  adequate  gauging  stations  are  provided,  this 
approach  should  minimize  difficulties  encountered  with  the  handling  of  precipi- 
tation data.  Unfortunately,  required  input  data  would  also  be  significantly 
increased. 

While  drainage  channels  do  not  significantly  alter  the  quantity  of  runoff 
from  a  storm  event,  they  do  affect  the  timing  and  shape  of  the  storm  hydrograph. 
Channel  effects  in  the  Dee  Creek  watershed  are  apparent  from  comparisons  of 
simulated  and  recorded  hydrographs.  (See  Figures  8,  16  and  17.)  Generally, 
simulated  hydrographs  proceeded  recorded  values  by  approximately  three  hours 
and  were  of  shorter  duration  and  had  higher  peak  flow  rates.  These  variances 
were  largely  attributed  to  channel  effects. 

Shape  and  timing  of  simulated  hydrographs  can  be  changed  to  some  degree 
by  adjusting  parameters  such  as  interflow,  infiltration  rate,  soil  moisture 
capabilities,  slope  and  length  of  overland  flow.  Suggested  methods  are  avail- 
able for  estimating  slope  and  overland  flow  values;  however,  these  approaches 
do  not  generally  account  for  possible  alterations  due  to  conservation  practices. 
Therefore,  a  range  of  values  was  used  for  all  parameters  in  an  attempt  to  more 
closely  simulate  runoff  events.  Initial  values  used  for  average  slope  and  over- 
flow distance  were  0.043  foot  per  foot  and  250  feet,  respectively. 

In  summary,  results  of  the  study  show  that  the  ARM  and  NPS  Models  cannot 
be  satisfactorily  calibrated  for  the  study  watershed.  Therefore,  parameter 
values  listed  for  computer  runs  cited  in  this  report  should  not  be  considered 
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as  final  calibrated  values  for  the  watershed.  Since  the  models  were  developed 
for  use  on  smaller  watersheds,  provisions  were  not  made  for  variations  in  pre- 
cipitation over  the  drainage  area  nor  stream  channel  effects.  These  limitations 
were  major  factors  in  the  inability  to  calibrate  the  models  to  the  study  area. 
Other  factors  noted  were  the  inability  of  the  models  to  adequately  simulate 
field  conditions  during  the  period  of  spring  thaw  or  to  adjust  infiltration 
rates  during  the  simulated  period.  Model  calibration  was  also  hampered  to  some 
degree  by  the  dry  weather  conditions  prevailing  during  the  study.  During  the 
30-month  period,  total  recorded  runoff  was  equivalent  to  0.85  inches,  of  which 
approximately  half  occurred  during  the  spring  thaw  period.  Remaining  runoff 
(0.44  inches)  was  distributed  among  11  events. 

Since  good  calibration  was  not  obtained  for  the  hydrologic  portion  of  these 
models,  limited  effort  was  made  to  calibrate  the  sediment  and  nutrient  movement 
sub-models.  As  previously  mentioned,  meaningful  calibration  of  these  components 
is  dependent  upon  good  hydrologic  modeling. 
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VI.  RESULTS  AND  CONCLUSIONS 

During  this  study,  data  were  obtained  relative  to  the  precipitation, 
quantity  and  quality  of  runoff  and  farming  practices  for  a  7.8  square  mile 
agriculturally  oriented  watershed  in  eastern  Nebraska.  During  the  30-month 
period,  unusually  dry  weather  conditions  prevailed  and  runoff  was  limited. 
Therefore,  weather  conditions  must  be  considered  in  the  use  of  data  included 

in  this  report. 

Information  obtained  during  this  study  was  used  to  evaluate  the  simulation 
capabilities  of  two  continuous  water  quality  models.  Programs  studied  were  the 
ARM  (Agricultural  Runoff  Management)  and  NPS  (Nonpoint  Source  Pollutant  Loading) 
Models.  It  was  found  that  these  models  could  not  adequately  simulate  the 
hydrology  for  the  watershed.  Much  of  this  difficulty  was  attributed  to  the 
fact  that  these  models  were  developed  for  use  on  smaller  watersheds— up  to  one 
to  two  square  miles.  As  a  result,  they  do  not  provide  for  variations  in  precipitation 
over  the  watershed  nor  for  simulation  of  stream  channel  efforts.  Data  from  this 
study  show  significant  variations  in  the  quantity,  intensity  and  timing  of  rain- 
fall events  over  the  watershed.  Also,  there  are  well  defined  stream  channels 
in  the  drainage  area.  Since  these  factors  affect  the  quantity  and  timing  of 
runoff  events,  use  of  these  models  should  be  limited  to  small  watersheds  where 
the  stated  simulation  concepts  more  nearly  approximate  field  conditions.  One 
possible  approach  for  using  the  models  is  to  divide  the  study  watershed  into 
four  or  five  sub-areas  with  the  runoff  from  each  area  serving  as  input  to  a 
stream  simulation  model.  It  is  suggested  that  this  concept  be  studied  when 
suitable  models  are  available. 

Results  of  calibration  runs  show  that  hydrologic  calibration  was  very  poor 

during  the  normal  period  of  snowmelt.  Modifications  are  needed  in  the  snowmelt 

and  infiltration  rate  equations  in  order  to  more  closely  simulate  field  conditions 

during  this  period. 
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Data  indicate  a  change  in  the  infiltration  rate  in  the  watershed  during 
the  study  period.  The  noted  change  could  be  attributed  to  the  formation  of 
major  cracks  in  the  soil  during  the  extended  dry  periods.  These  cracks  provide 
easy  access  of  rain  water  to  the  subsoil  thereby  bypassing  the  normal  infiltration 
process  until  moisture  is  adequate  to  swell  the  soil  and  seal  the  openings.' 
Other  probable  factors  influencing  the  infiltration  rate  included  the  noted  shift 
in  the  type  of  crop  raised  in  the  area,  the  timing  and  type  of  tillage  used, 
and  plant  growth  as  related  to  the  resulting  root  structure.  Provision  for 
adjusting  infiltration  rates  within  a  simulation  period,  perhaps  on  a  monthly 
basis,  should  supply  desired  flexibility  for  the  models. 

Since  calibration  results  on  the  hydrologic  segments  of  the  models  were  not 
satisfactory,  the  sub-models  for  solids  transport  and  nutrient  movement  could  not 
be  evaluated. 
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BLOCK  1 
BLOCK  2 
BLOCK  1 
BLOCK  4 
BLOCK    5 

LOWER    ZONE 
STORAGE 


2.0000  *.O0OO 
1.0000  4.0000 
OiSOOO-  liOOOO 
0.0  0.0 

1.050         1.070 


—  --  —KM 
0.0200 
0.0020 
0.0020 
0.0- 
1.070 


KIN 

0.0 
0.0 
0.0 
OiO- 
1.070 


KK2  KD 

O.J  0.0 

0.U50O      0.0 

0.0 S'9   ~ 

0.0  0.0 

1.070         l.OfO 


KSA 

1.0000 
I. 0000 
1.0000 
OiO  — 
1.050 


-KPt- 

0.0100 
2.U000 
1.5000 
0.0 

1.070 


ORG-N        NHl-S         NH3-A 


50. 
50. 
50. 
50. 
50. 
50. 


5000. 
5000. 
5000. 
500a. 
5000. 
5000. 


12000. 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


1.000 
1.000 
1.000 
1.000 
l.CCO 
I. 000 


0.0 


1.000 
I. 000 
liOOO 
1.000 
I. 000 

I. coo 


9.000 
9.000 
9.000 
9.000 
9.000 
9.000 


20.000 


NU2 


KPL 
0.2J00 
0.3000 
0.6000^ 
O.C 

1.070 

KHS 

0.0100 
0.0040 
0.0050 
O.t)  — 
1.050 


NOi 


KAM 
0.0100 
0.0020 
0.-0020 
0.  J 

1.070 


KIM 
0.0 
0.0 

"0.0^  ^ 
0.3 
1.070 


KKIH 

3.0 

0.0 

~o.o 

0.0 
1.070 


KSA 
4.0000 
2.0000 
tiOOOO 
O.C 

1.070 


KAS 
0.5000 
0.3000 
0.-3000 
0.0 

1.050 


N2 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 

0.0 
CO 

0.0 

0.0 
0.0 


0.500 

0.500 

0.500- 

0.530 

0.500 

0.500 


30.000 

^0.000 
30.000 
33.UOO 
30. COO 
30.000 


0.0 
0.0 
0.0 
3.0 
0.0 
0.0 


0.0 
OiO 
0.0 
0.0 
0.0 
0.0 


PLNT-N 

ORG-P 

P04- 

P04-S    P04-A   PLNT-P 


5.000 
5.000 
5.000 
5.000 
5.000 
5.000 


10.000 
10. 000 
10.000 
10.000 
10.000 
10.000 


6. 
6. 
6i 
6. 
6. 
6. 


475. 
-4?5. 

475. 

475. 

475. 
-475. 


0.0 
0.0 
0.0 
0.  0 
0.0 
0.0 


,000 
,000 
,000 
.000 
.000 
,000 


0.500 
0.500 
0.500 
0.500 
0.500 
0.500 


30.0U0 
30wOOO 
30.000 
30.000 
30.000 
30.000 


0.0    250.000  -   0.0 


0.0 


2000. 


-0.0 


500.000 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


2.000 
2iOOO 
2.000 
2.000 
2.000 
2.000 


0.0 


CL 


.0 
.0 

..0 
0.0 

0.0 
0.0 


0.0 


c 


r 


00 

I 


INTRVL«  li 
BCNDAY'  1 
ENOQAYs   1 

UZSN>    0.2500 
L=  250.0000 
InFIL«    O.OTOJ 
SGri'    0.0300 

RAoco»i=   i.ooao 

DCH'    O.OOIO 
PACK-    0.0 
PETHIN-   15.00CC 

COtfPHO=  0.20   0.20 
nHTIL=  213   100 
SZDPTH=    0.O525 
JRER=    2.A000 

HVCAL  =  CALU   INI*UI  = 


THIS  IS  A  CALISRAUnN  RUN  FOR  NUTRIENTS 

HAIEKSHED:       DEE  CREEK  WATERSHED  NEAR  U  INCOLr..NGB«ASKA.  INPUT  SEOUENCE  FOR  JULYT.-JUL  Y7S 

chemical: 

input  units:    english   _ ... 

output  units:   english 

PRINT  interval:  EACH  DAY ._       -  - 

TnOWMELT  CALCULATIONS  PCRFORHED 


HVHIN=    S.9C0O 
|',GNM0N»  J 

:nphon=  7 

UZS«         0.0500 
SS»        0.0^30 
INTER'         I. 0000 

CCFAC=         l-iJCOCl 
WC=         0.0300 
UEPTH»         0.0 
PETMAX-      ^5.0000 


AREA=       5000.0000 
BGNYR»     i'iTi 
ENOYR'     1975 

LZSN'         8.0000 

NN=_  9  •  2000 

IRC         0.1000 

KV«  lz9P^*^ 

scF=^_    i.ooqo 

HPACK=         1.0000 
PETHUL=         l.OOOi 


LZS=    2.5000 

A=    0.3 

K24L=    I. 0000 
ICS=    0.0900 


ELDIF^   0.0 

EVAPSN=    0.1000 


Ki-    0.2500 
KK2'f=    0.970U 
OFSf_   0.0 

IONS=    0.1500 


EPXM=    0.0600 
K2fEL=    O.OIO: 


HELEV=     1256. 


HMUL=    1.000  7 


RMUL=    1.0000 


1F1=  - 

0.0 

F»    0 

.0100 

TSNOW= 

33.000C 

KUGI  = 

0.0 

n  >n   n  ?0   0  35   0.'.5   0.65   O.Ts"  0.60   O.-iS   0.20   0.20 
„r  "51   1       VR;IL=  7.   75   75^75.75       SRERTL,_5,000_   5,000    e .  000^   5.000    5.00C 

UZDHTH=    6.CO0O        BULKC=  100.0000 

KRER=    0.3000  JSER=    1.7000  KSER=    2..000  SRERI-    5.0000 

,;^,aL   OUTPUT=ENGL   PRINT^OAYS   SNOW^Y.S    PtST=NO     NUT.-YfcS    ICHFCK^ON 


( 


GftnuMOHMEft. 

STOKAGt  0. 

fOTAL    MIRQSEN     IN    SYSTEM    = 
TOTAL    PHOSPHORUS    IN    SYSTEM    = 
TOTAL    CHLORIDE     IN    SYSTEM    = 


0.0 


0.0 


17376.500       La/AC 

3015.000       Lb/ftC 

0.0  Lb/AC 


CO 


0.0 


O.U 


0.0 


0. 


O.U 


0.0 


0.0 


0.0 


I 

00 
00 

I 


NUTRIENTS    -   LB/AC 
APPLICATION    FOrf    DAY    IJt 

SURfACfc  LAYER 

AVERAGE 

BLKCK  I 

BLOCK  2 

aLOCK  3 

BLOCK  4 

"   BLOCK  5 

UPPER  ZrNE 

AVERAGE 

BLUCK  I 

BLOCK  2 

BLOCK  3 

BLOCK  'r 

BLOCK  'i 


ORG-N 


NH3-S 


NH3-A 


NO  2 


MU3 


N2       PLNT-N         URC-P 


On 

0.0 

5.000 

0.0 

9-- 

O.O.. 

M 

0". 

0.0 

5.000 

0.0    "  " 

0.0 

0.0 

9-9 

0. 

0.0 

5.000 

CO 

0.0 

0.0 

O.C 

0. 

0.0 

5.000 

0.0 

0.0 

0.0 

0.0 

n. 

0.0 

5.000 

CO 

0.0 

0.0 

0.0 

0. 

0.0 

5.000 

^    0.0 

"     0.0 

0.0    '■ 

0.0 

n.  " 

0.0  ~ 

40.000^ 

O.O" 

"  "0 .  J 

~(r.o ' " 

^O'.O 

0. 

0.0 

40.000 

0.0 

0.0 

0.0 

0.0 

n. 

0.0 

40.000 

CO 

0.0 

0.0 

0.0 

n. 

0.0 

40.000 

0.0 

0.0 

0.0 

0.0 

n. 

o:o 

40-000 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

40.000 

3.0 

0.0 

0.0 

0.0 

P04-S  P04-A      PLNT-P 


0.0 

0.0 
0.0 
0.0 
0.0 


CL 


0, 

2'S 

-  9.- 19.9, 

0. 
0. 
0. 
0. 

o.~ 

0.0 
0.0 

o.c 

0.0 

'0.0    ■ 

0.500 

0.500 

0.500 

0,500. 

"     0.500 

u  • 
0  • 
0. 
D. 
0." 
0. 

~0.0 
0.0 
0.0 
0.0 

'0.~o" 

CO 

'  '  3.600 
3.600 
3.600 

3.600 
3.600 
3.600 

0.0 

0.0 

0.0 

_0.0 

d.c 

0.0 


O.J 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.3 
0.0 
0.0 


( 


( 


( 


THIS    IS    A    CALIBRATION    RUM    FOR   HrOROLOCV    AND   SEBIHENT   ONLY,  EPA-ACT  HODEL 


MATERSHEOi 

CHEHXCAL: 

INPUT  UNlTSs     ENGLISH 

OUTPUT  UNITS!    ENGLISH 

PRINT  INTERVAL'  EACH  INTERVAL 

SNOMHELT  CALCULATIONS  PERFORHEO 


DEE  CREEK  WATERSHED  NEAR  LINCOLNiNEBRASKA.  INPUT  SEQUENCE  FOR  JULYTS-JUNET6 


I 
00 

I 


INTRVL"  IS 
eCNOAY'  1 
ENODAY'   1 

UISN>        0.2500 
L*   2SO.O0O0 
INFIL'        0.0700 
SGN-        0.0300 

RAOCON-         I. 0000 

DSM-        O.ODIO 
PACK-         0.0 
PETMIN-      35.0000 


HVHIN« 

9.9000 

ftCNMON' 

T 

ENDMON- 

7 

U2S-   0 

.0140 

SS-   0. 

0430 

INTER* 

1.0000 

OWS-   0 

.0010 

CCFAC-    i.OOOO 

WC>  0.0300 
DEPTH*  0.0 
PETMAX-   45.0000 


AKEA>   5000.0000 
BCNYR-  1975 
ENOYR«  19T6 

LZSN>   e.oooo 
NN-    0.2000 
IRC-    0.1030 
KV-    1.0000 

SCF-    I.OOOO 
KPACK-    1.0000 


A-    0.0 

K3"    0.2500 

K24L"    l.OOOD 

KKi*.    0.9T0O 

ICS"    0.0900 

OFS-   0.0 

ELDIF-   0.0 

IONS-    0.1500 

EVA?SN-   0.1000 

MELEV"     1256 

PETHUL- 


1.0000 


I.OOOO 


RMUL- 


1.0000 


CPXI-    0.0600 
K24EL-    0.0100 
IFS-    0.0 

F-   0.0100 
TSNOH-   33.0000 

KUSt-    0.0 


COVPHO-  0.20   0.20   0.20   0.20   0.35   0.45   0.65   O.TS   0.60   0.45  0.20   0.20 

TIHTIL"  213   100   121   151   166       VRTIL-  75   76   76   76   76  SRERTL-   5.000 
S20PTH-    0.0625        UZOPTH-    6.0625        BULKD-  130.0003 

JRER-    2.4000          KRER-    0.3000          JSER»    1.7000  KSER-    2.4000 


5.000 


8. 000 
SRERI- 


5.000    5.000 


5.0000 


HVCAt-CAL8   INfOT-ENCL   OUTPUT-ENGL   PRINT-INTR   SNOW-YES    PEST-NO     NUTR-NO     ICHECK-ON 


( 


BLOCK  1    BLOCK  2    BLOCK  3 


WATER,    INCHES 


c» 
I 


rjVERLAND    KLOW 
INTERFLOW 
IMPERVIOUS 
TOTAL 

BASE    FLOW 
3R0WATER    RECHARGE 

PRECIPITATION 
S^jOM 

RAIN    ON    S'lOW 
HELT    &    RAIN 

MELT 

KADIATION 
CONVECTIOl 
CONDE'JSATION 
RAIN  MELT 
3R0UND  MELT 
CUM  NEG  H^AT 

SNOW  PACK 
SNOW  DENSITY 
%    SNOW  COVER 

SNOW  EVAP 

EVAPOTRANSPIkATION 
POTENTIAL 

MET 

CROP    COVEk 

STORAGES 

UPPER    ZONr 
LOWER    ZONI- 
GROUNDWATiR 
INTERCEPTION 
OVERLAND    FLOW 
INTERFLOW 

WATER    flALANCF=       0.0 
SNOW    BALANCE^  0.0 

SEDIMENT,    TONS/ACRE 
EROOEO    SEDIMrNT 
FINES    DEPOSIT 


0,0 

0.0 

0.0 


0.20 


8.83 
2.28 


0.0 

0.557 

0.011 

0.0 

0.0 

0.0 


0.0 

5.000 


u.o 

0.0 
O.U 


0.20 


8.83 
2.28 


0.557 

0.011 
0.0 
0.0 
0  .0 


0.0 
5.000 


0.0 

0.0 

0.0 


0.20 


8.83 
2.28 


j.O 

0.557 

0.011 

0.0 

0.0 

0.0 


0.0 

5.000 


BLOCK  ^ 

BLOCK  5 

TOTAL 

0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.018 

0.018 
0.001 

U.20 

0.20 

0.20 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

8.83 
2.28 

e.83 
2.28 

8.83 
2.28 
0.75 

0.0 

0.557 

0.011 

0.0 

0.0 

n.  n 

0.0 

0.557 

0.011 

0.0 
0.0 
0.0 

0.0 

0.557 

0.011 

0.0 

0.0 

0.0 

0.0 
5.000 


0.0 

5.000 


0.0 
5.000 


r 


( 


aUMM4S^_tQB-tlQIiId_QE__&UGUSI_-1224 


I 

00 

o> 
I 


WATErt,     INCHES 

RUNOFF 

OVERLAND    FLOW 
ir^TERFLOW 
•     IMPERVIOUS 
TOr&L 

BASE    FLOW 
GROWATER    RECHARGE 

PRECIPlTAriON 
SNOW 

XAIH    ON    S'^lOW 
MELT    &    RAIN 

MELT 

RAOIATION 
CONVECTION 
CONDENSATION 
RAIM  MELT 
GROUND  MELT 
CUM  NEG  H"AT 

SNOW  PACK 
SNOW  DENSITY 
?  SNOW  COVER 

SNOW  EVAP 

EVAPOTRANSPHATION 
POTENT lAL 

NET 

CROP    COVE-i 

STORAGES 

UPPER    ZON" 
LOWER    ZONF 
GROUNDWATHR 
INTERCEPTION 
OVERLAND    FLOW 
INTERFLOW 

WATER    BALANCE^      0.3 
SNOW    BALANCE^         0.0 

SEDIMEMT,     TONS/ACRE 
ERODED    SEDIMl-NT 
FINES    DEPOSIT 


LOCK    1 

BLOCK    2 

BLOCK    i 

BLOCK     4 

BLOCK    5 

TOTAL 

0.487 
0.062 

0.549 

0.344 
0.062 

U.106 

0.0 
0.001 

0.331 

0.0 

3.0 

0.0 

0.0 
0.0 

0.0 

0.  106 
0.025 
0.0 
0.138 

0.006 
0.061 

4.33 

4.33 

4.33 

4.33 

4.33 

4.33 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

5.02 
2.76 

5.02 
2.76 

5.02 
2.76 

5.02 

2.76 

5.02 
2.76 

5.02 
2.76 

0.60 

0.005 

1.937 

0.004 

0.0 

0.0 

0.0 

D.003 
1.937 
U.004 

0.0 
0.0 
0.0 

0.0 
1  .437 

0.004 
0.0 
3.3 
0.0 

0.0 
1.937 

0.004 
0.0 
0.0 
0.0 

0.0 

1.937 

0.004 

0.0 

0.0 

0.0 

0.002 
1.937 
0.004 
0.0 

0.0 
0.0 

1.085 


0.040 
5.333 


0.0 
5.373 


0.0 
5.373 


0.0 
5.373 


0.225 
5.148 


( 


( 


( 


auIlIlAB^_£QB-MDtiLH_QE_S£ELCia£a_i2I4 


00 

I 


BLOCK     1 

BLOCK    2 

BLOCK    3 

BLOCK    4 

BLOCK    5 

TOTAL 

ERi    INCHES 

RUNOFF 

OVEftLAND    FLOW 

0.0 

j.O 

0.0 
0.0 

O.D 
0.0 

0.0 
0.0 

0.0 

0.0 

INTERFLOW 

0,0 

0.0 

V   •    W 

0.  0 

IMPERVIOUS 
TOTAL 

0.0 

0.0 

D.O 

O.D 

0.0 

0.002 
0.002 

BASE    FLOW 

0.004 

GROWATER    RECHARGE 

FRECIPITATIOfJ 

0.36 

U.36 

0.36 

0.36 

0.36 

0.36 
.     0.0 

SNQW            ^     ^ 

0.0 

KAIN    ON    SNOW 

0.0 

MELT    &    RAIN 

MELT 

0.0 

RADIATION 

0.0 

CONVECTION 

0.0 

CONDENSATION 

0.0 

RAIM    MELT 

0.0 

GROUND    MELT 

0.0 

CUM    NEG    HrAT 

0.0 
0.0 

SN3W    PACK 

SNOW    DENSITY 

0.0 

%    SNOW    COVER 

0.0 

SNOW   EVAP 

EVAPUTRANSPIkAT ION 
POTENTIAL 
MET 

3.63 
1.35 

3.63 
1.35 

3.63 
1.35 

3.63 
U35 

3.63 
1.35 

3.63 
1.35 
0.45 

CROP    COVE-< 

STORAGES 

0.0 

0.9A1 

0.002 

0.941 
0.002 
D.D 

0.0 

0.0 

0.0 

UPPER    ZDNF 
LOWER    ZONE 
GRDUNDWAT'IR 

0.0 

0.9AI 

0.002 

0.941 
0.002 
0.0 

D.O 
0.0 

0.941 
0.002 
0.0 

0.941 
,       0.002 
0-0 

INTERCEPTION 

0.0 

U  .0 
u.O 
0.0 

0  .0 

0.0 

aVERLAND    FLOW 
INFERFLOW 

0.  0 
0.0 

0.0 

0.0 

0.0 

WATER    BALANCfc=      Q.O 
SNOW    aALANCE=         0.0 

SEDIMENT,    TONS/ACRE 
EROOED    SEDIMfNT 
FIMES    OEPOSIT 


0.0 
4.290 


U.O 
5.334 


0.0 
5.374 


0.0 
5.374 


0.0 
5.374 


0.0 
5.149 


( 


( 


BLOCK     1         BLOCK    2         BLOCK    3 


iLOCK    ^         BLOCK    b 


TOTAL 


I 

00 
00 
I 


WATER,     INCHES 

i^UNOFF 

OVERLAND  FLOW 
INTERFLOW 
IMPERVIOUS 
TOTAL 

BASE  FLOW 
5R9WArER  RECHARGE 

PRECIPITATIOM 
SNOW 

RAIN  ON  SNOW 
MELT  £  RAIN 

MELT 

KAOIAFION 
CONVECTION 
CONDENSATION 
RAIN    MELT 
3R0UND    MELT 
CUM    NES    Hi'AT 

SNOW    PACK 
SNOW   DENSITY 
%    Sm^i    COVER 

SNOW    eVAP 

EVAPOTRANSPI'^ATION 
POTENTIAL 
NET 
CROP    COVEK 

STORAGES 

UPPER    ZONC 
LOWER    ZON- 
3RnUNDWAT'"R 
INTERCEPTION 
OVERLAND    l-LOW 
INTERFLOW 

WATER    BALANCZ=      0.0 
SNOW    BALANCE=         0.0 

SEDIMENT,    TONS/ACRE 
ERODED    SEDIMCNT 
FIMES    DEPOSIT 


0.0 
0.0 

0.0 


2.38 


3,91* 
0.82 


0.203 
2.421 
0.001 

o.a 

0.0 
0.0 


0.0 
4.393 


J.O 

u.o 
a.o 


2.38 


3.94 

0.82 


0.019 

2.421 

0.001 

U.O 

0.0 

0.0 


0.0 
5.437 


0.0 
0.0 

0.3 


2.38 


3.94 

0.B2 


Q.O 

2.421 

3.001 

3.0 

0.0 

3.3 


0.0 
'j.477 


U.O 
0.0 

0.0 


2.38 


3.94 
0.82 


0.0 

2.421 

O.OOl 

0.0 
0.0 
0.0 


0.0 
5.477 


0.0 
0.0 

0.0 


2.38 


3.94 
0.82 


0.0 

2.421 

0.001 

0.0 

0.0 

0.0 


0.0 
5.477 


0.0 

0,0 
0.0 
0.001 

0.001 
0.031 

2.38 

0.0 

0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0,0 
0,0 

0.0 


3.94 
0.82 
0.21 


0.044 

2.421 

0.001 

0.0 

0,0 

0.0 


0.0 
5.252 


c 


aUttllAlil_£QR_ilQfclIfci_DE_fclQV£tiaEB,_i2Ift 

BLOCK  I    BLOCK  2    BLOCK  3 


WATErt,  I"^CHES 


I 

00 
I 


RUNOFF 

OVERLAND  FLOW 
INTERFLOW 
IMPeRVIOUS 
TOTAL 

BASE  FLOW 
GRDWATE*  RECHARGE 

PRECIPITATION 

s\'nw 

kiiN  ON  Snow 

MELT  t  RAIN 

MELT 

RADIATION 
COMVECTIOM 
CONDENSATION 
RAIM  MELT 
GROUND  MElT 
CUM  NEG  H-AT 

SNOW  PACK 
SNOW  DENSITY 
I    SNOW  COVER 

SNOW  EVAP 

EVAPOTRANSPI-^ATION 
POTENTIAL 

NET 

CROP  COVER 

STORAGES 

UPPER  ZON 
LOWER  ZON: 
GROUNDWATFR 
INTERCEPTION 
OVERLAND  FLOW 
INTERFLOW 

WATER  BALANCE*   0.0 
SNOW  BALANCE=    0.0 

SEDIMENT,  TONS/ACRE 
ERODED  SEDIMPNT 
FINES  DEPOSIT 


0.0 
0.0 

0.0 


0.96 


0.0 

J.O 

0.0 


0.96 


0.0 
0.0 


0.96 


BLOCK  4 


0.0 

0.0 


BLOCK  5 


0.0 

D.O 


0.0 


0.96 


0.0 


0.96 


1.89 
0.59 

1.89 

0.59 

1.89 
0.59 

1.89 
0.59 

1.89 
0.59 

0.025 

2.796 

0.000 

0.0 

0.0 

0.0 

U.O 
2.796 

0.000 
J.O 
3.0 
0.0 

0.0 
2.796 

0.000 
0.0 
0.0 
0.0 

0.0 

2.796 

0.000 

0.0 

0.0 

0.0 

0.0 
2.796 

0.000 
0.0 
0.0 
0.0 

T3TAL 


0.0 
0.0 
0.0 
0.000 

c.ooo 

0,032 

0.96 
0.31 
0.53 
0.83 


•0.12 
0.25 
0.  10 
0.01 
0.01 
0.04 

0.0 
0.0 
0.0 

0.00 


1.89 
0.  59 
0.20 


0.005 

2.796 

0.000 

0.0 

0.0 

0.0 


0.0 

U.O 

0.0 

0.0 

0.0 

0.0 

<^.399 

5.443 

5.48  3 

5.483 

5.483 

5.258 

r 


BLOCK     I         BLOCK    2         BLOCK    3 


BLOCK    ^ 


BLOCK    5 


TOTAL 


U3 
O 
I 


WATER,     INCHES 

i^UNaFF 

OVERLAND    hLOW 
INTERFLOW 
IMPERVIOUS 
TOTAL 

BASE    FLOW 
SROWATER    RECURGE 

PRECIPITATION 

SNOW 

RM\    ON    SNOW 

MELT    &    RAIN 

MELT 

RADIAT ION 
CONVECTION 
CONOENSATION 
RAIM    MELT 
GROUND    MELT 
CUM    NEG   HFAT 

SNOW    PACK 
SNOW   DENSITY 
t    SNOW    COVER 

SNOW    EVAP 

EVAPOTRANSPIKATION 
POTENTIAL 
NET 
CROP    COVEk 

STORAGES 

UPPER    ZON'= 

LOWER  zon: 

GROUNDWATTR 
INTERCEPTION 
OVERLAND    FLOW 
INTERFLOW 

WATER    rtALANCL=       0.0 
SNOW    BALANCE^  0.0 

SEDIMENT,    TONS/ACRE 
ERODEO    SEDIMrNT 
FINES    DEPOSIT 


0.0 
0.0 

0.0 


0.33 


0.81 
0.09 


0.021 
2.897 

0.000 
0.007 
0.0 
0.0 


0.0 
'I. 399 


u.O 
0.0 

J.  0 


1J.33 


0.0 
0.0 

D.J 


0.33 


0.81 

0.09 

0.81 
0.09 

0.0 

2.897 

0.000 

j.007 

0.0 

0.0 

0.0 

2.897 

0.000 

0.007 

0.0 

0.0 

0.0 
0.0 

0.0 


U.33 


0.0 


5.484 


0.81 
0.09 


0.0 

2.897 

0.000 

0.007 

0.0 

0.0 


0.0 
5.484 


0.0 
0.0 

0.0 


0.33 


0.81 

0.09 


0.0 

2.897 

0.000 

0.007 

0.0 

0.0 


0.0 
5.484 


0.0 
0.0 
0.0 
O.OOO 

0.000 
0.006 

0.33 
0.17 
0.07 
O.ll 


-5.96 
0.22 
0.0 
0.00 
0.02 
I  .60 

0.09 

0,93 

62.06 

0.03 


0.81 
0.09 
0.20 


0.004 
2.897 
0.000 

0.007 

0.0 

0,0 


0.0 
5.259 


w 


BLOCK  I    BLOCK  2    BLOCK  i    BLOCK  -^    BLOCK  5       TOTAL 
WAIERt  INCHES 


I 

U3 


RUNOFF 

OVEi^LAND    f  LOW 
INTERFLOW 
IMPERVIOUS 
TllTAL 

0.0 
0.0 

0.0 

u.O 
0.0 

..0 

0.0 
0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.000 

BASE    FLOW 
GRDWATER    RECHARGE 

0.000 
0.036 

PRECIPITATION 
SNOW 

RAIN    ON    Sf;OW 
MELT    £    RAIN 

1.07 

U07 

l.j7 

1.37 

1.07 

1.07 
0.67 
0.40 
0,71 

MELT 

RADIATION 
CONtfECTIOi! 
CONDENSATION 
RAIN    MELT 
r. ROUND    MELT 
CUM    NEG   H'AT 

-15.77 

0.03 
O.OI 
0.02 
3.58 

SNOW    PACK 
SNOW    DENSITY 
%    SNOW    COVER 

0.36 

0.42 

69.54 

SNOW    EVAP 

0.08 

EVAPOrRANSPIi'.ATION 

POTENTIAL 

0.46 

U.46 

0.46 

0.46 

0.46 

0.46 

NET 

0.01 

d.Ol 

O.OI 

O.Ql 

0.01 

O.OI 

CROP    COVEi* 

0.20 

STORAGES 

UPPER    ZON-: 

0.114 

0.0 

0.0 

0.0 

0.0 

0.023 

LOWER    ZONC 

3.537 

i.537 

3.53  7 

3.537 

3.537 

3.537 

GROUNDWATTR 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

INTERCEPTION 

0.016 

0.016 

0.016 

0.016 

0.016 

0.016 

OVERLANC    HLOW 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

INTERFLOW 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

WATER    aALANCr=       0.0 
SNOW    BALANCE=  0.0 

SEDIMENT,    ^ONS/^CRE 
EROUEl)    SEDIM-NT 
FINES    DEPOSIT 


0.0 

U.O 

0.0 

0.0 

0.0 

0.0 

4.  402 

5.446 

5.486 

5.486 

5.486 

5.261 

( 


( 


BLOCK    I  BLOCK    2  BLOCK    3 


WATER,     INCHES 


I 

ro 
I 


RUNOFF 

OVERLAND  FLOW 
INTERFLOW 
IMPERVIOUS 
rOTAL 

BASE  FLOW 
GRDWATER  RECHARGE 

PRECIPITATION 
SNOW 

RAIN  ON  SMOW 
MELT  &  RAIN 

MELT 

RADIATION 
CONVECTION 
CONDENSATION 
RAIN    MELT 
GROUND    MELT 
CUM    NEC    HIAT 

SNOW    PACK 
SNOW    DENSITY 
%    SNOW    COVER 

SNOW    EVAP 

EVAPOTRANSPI^ATION 
POTENTIAL 
NET 
CROP    COVE:^ 

STORAGES 

UPPER  ZONr 

LOWER  zon: 

GROUNDWATER 
INTERCEPTION 
OVERLAND  FLOW 
INTERFLOW 

WATER    BALANCE      0.0 
SNOW    BALANCE=         0.0 


0.0 
0.0 

0.0 


0.61 


0.84 
0.03 


0.277 

4.010 

0.000 

0.008 

0.0 

0.0 


0.0 
0.0 

0.0 


0.61 


0.84 
0.03 


0.031 
4.010 

u.OOO 
0.008 
0.0 
u.O 


0.0 
0.0 

0.0 


0.61 


0.84 
0.03 


0.009 

4.010 

0.000 

0.008 

0.0 

0.0 


BLOCK  4 

BLOCK  5 

TOTAL 

0.0 

O.D 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.000 

0.000 
0.038 

0.61 

0.61 

0.61 
0.61 
0.0 
0.57 

-12.74 
0.22 
0.0 
0.0 
0.02 
3.23 

0.35 

0.92 

38«45 

0.06 

0.84 
0.03 

0.84 
0.03 

0.84 
0.03 

0.20 

0.0 

4.010 

0.000 

O.OOB 

0.0 

0.0 

0.0 

4.010 

0.000 

0.008 

0.0 

0.0 

0.064 

4.010 

0.000 

0.008 

0.0 

0.0 

SEDIMENT, 
ERODED 
FINES 


TONS/ACRE 
SEDIMFNT 
DEPOSIT 


0.0 

0.0 

0.0 

0.0 

0.0 

4.402 

5.446 

5.486 

5.486 

5.486 

0.0 
5.261 


r 
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BLOCK     1  BLOCK    2  BLOCK    i 


BLOCK    ^ 


BLOCK     5 


TOTAL 


I 

I 


WATER,     INCHES 

RUNOFF 

OVERLAND  FLOW 
INTERFLOW 
IMPERVIOUS 
TOTAL 

BASE  FLOW 
GRDWATER  RECHARGE 

PRECIPITATIQ'I 
SNOH 

RAIN  ON  SrjOW 
MELT  a  RAIN 

MELT 

RADIATION 
CONVECTION' 
CONDENSATION 
RAIN    MELT 
GROUND    MELT 
CUM    NGG    HI- AT 

SNOW    PACK 
SNOW    DENSITY 
%    SNOW    COVER 

SMOW    EVAP 


0.001 
0.040 

0.041 


1,64 


0,0 
0.000 

0.000 


i  .64 


u.o 

0.0 
0.0 


1.64 


0.0 
0.0 

0.0 


1.64 


0.0 
0.0 

0.0 


1.64 


0. 
0. 
0. 
0. 

000 
008 
0 
OCR 

0. 
0. 

000 
212 

1, 

0. 

1. 
I. 

64 

28 
36 
96 

■1. 

0. 

0. 

0 

0. 

1 

.55 

33 

.04 

,00 
.03 
.81 

0 
0 
0 

.01 

.0 

,0 

0.03 


EVAPOTRANSPHATION 
POTENTIAL 
NET 
CROP    COVEI 

1.52 
0.35 

1.52 

0.35 

1.52 

0.35 

1.52 

j.35 

1.52 
0.35 

1.5? 

0.35 
0.20 

STORAGES 

UPPER    ZON!" 
LOWER    ZONb 
GROUNDWAT.tR 
INTERCEPTION 
OVERLAND    FLOW 
INTERFLOW 

0.268 
5.395 

0.000 
0.0 
O.J 
0.0 

0.069 
5.395 

0.000 
0.0 

U.O 

u.o 

0.006 
3.395 

0.000 
0.0 
0.0 
0.0 

0.0 

5.395 

0.000 

0.0 

0.0 

0.0 

0.0 
5.395 

0.000 
0.0 
0.0 
0.0 

0.069 
5.395 

0.000 

0.0 

0.0 

0.0 

WATER    BALANCr:=       0.0 
SNOW    BALANCE^          0.0 

IIMENT,     rONS/^CRE 
ERODED    SEDIMENT 
FINES    DEPOSI T 

0.000 
4.412 

0.0 
5.456 

0.0 
5.496 

0.0 
5.496 

0.0 
5.496 

0.000 
5.271 

( 


( 
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BLOCK    1  BLOCK    2  BLOCK     J 


BLOCK    h 


BLOCK     5 


WATERi     INCHES 


I 
I 


RUNOFF 

OVERLAND    FLOW 
INTERFLOW 
IMPERVIOUS 
TOT.\L 

o.oie 

0.013 
0.031 

0.000 
0.010 

0.010 

0.0 

O.uD't 

0.004 

0.0 
u.OOl 

O.OOl 

0.0 
G.OOO 

0.000 

HASE    FLOW 
Gi^DWATER    KtCHARGE 

PRECIPITATIOM 
SNOW 

RAIN    UN    SMOW 
MELT    £    RAIN 

1.88 

i.88 

l.tid 

1  .88 

1.88 

MELT 

RADIATION 
CONVECTION 
CONOENSATION 
RAIN    MELT 
GROUND    MELT 
CUM    NEC    Ht-AT 

SNOW    PACK 
SNOW    DENSITY 
«    SNOW    COVER 

SNOW   EVAP 

EVAPOTRANSPIRATION 
POTENTIAL 
NET 
CROP    COVEr< 

^.08 
1.98 

4.08 
1  .98 

4.08 
l.>8 

4.08 
1.98 

4. OH 
1.98 

STORAGES 

UPPER    ZON: 
LOWER    ZONF 
GROUNDWATF-R 
INTERCEPTION 
OVERLAND    FLOW 
INTERFLOW 

0.075 

5.186 

0.000 

0.0 

0.0 

0.0 

0.050 
5.186 

0.000 
0.0 
0.0 
0.0 

0.033 

5.186 

0.000 

0.0 

0.0 

0.0 

0.026 

5.186 

0.000 

0.0 

0.0 

0.0 

6.02  1 

5.186 

0.000 

0.0 

O.J 

0.0 

WATER    BALANC':=       0.0 
SNOW   BALANCE^         0,0 

»IMENT,     TONS/ACRE 
EROnED    SEDIMr^NT 
FINES    UEPOSIf 

0.009 
5.080 

0.000 
5.089 

0.0 
5.089 

0.0 
5.089 

0.0 
5.089 

TOTAL 


0.004 

0.005 

0.0 

0.009 

O.OGO 
0.185 

1.88 
0.0 
0.0 
0.00 


•0.00 
0.00 
0.0 
0.0 
0.00 
0.21 

0.0 
0.0 

0,0 

0.00 


4.08 
1.98 

0.34 


0.041 

5.186 

0.000 

0.0 

0.0 

0.0 


0.002 
5.087 


k- 


( 


( 
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BLOCK     I  BLOCK    2  BLOCK     3 


WATER,     INCHES 

RUNOFF 

OVERLAND  F 
INTERFLOW 
IMPERVIOUS 
TnTAL 


LOW 


t 


BASE  FLOW     ^„^^ 
GRDWATER  KECmARGE 

PRECIPITAf 10  i 

SNOW 

RAIN  [IN  SMOW 

MELf  t  RAIN 

RAOIATION 
CONVECr  KIN 
CONOENSATinN 
RAIN  MELT 

GROUND  MEL  T 
CUM  NE3  H'AT 

SNOW  PACK 
SNOW  DENSITY 
%    SNOW  COVER 

SNOW  EVAP 

EVAPOTRANSPIKATIDN 
POTENTIAL 
NET 
CROP    COVE'-l 

STORAGES 

UPPER    ZON  . 

LOWER  zon;: 

GRnUNDWATER 
INTERCEPTION 
OVERLAND    FLOW 
INTERFLOW 

WATER    BALANCr.=       0.0 
SNOW    BALANCE^  0.0 

SEDIMENT,     TONS/ACRE 
ERODED    SEDIMINT 
FINES    DEPOSIT 


0.185 
0.041 

0.226 


2.21 


0,004 
0.037 

0.041 


2.21 


4.92 
2.71 

4.92 
2.71 

0.267 

4.353 

0.000 

0.027 

0.0 

0.0 

0.211 
4.353 

0.000 
0.027 
0.0 
0.0 

0.0 

0.004 

0.004 


2.21 


0.211 
5.000 


0.001 
5.000 


4.92 
2.71 


0.149 
4.353 

0.000 
0.027 
0.0 
0.0 


0.0 
5.000 


BLOCK     4 


0.0 
O.ODD 

0.000 


2.21 


4.92 
2.71 


0.069 
4.353 

0.000 
0.027 
0.0 

0.0 


0.0 
5.000 


BLOCK     5 

TOTAL 

0.0 
0.000 

0.000 

0.038 
C.017 
0.0 
0.054 

0.000 
0.152 

2,21 

2.21 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0-0 
0.0 

0,0 
0.0 
0.0 

4.92 
2.71 


0.016 
4.353 

o.ooo 

0.02  7 

0.0 

0.0 


0.0 

5.000 


0.0 


4.92 
2.71 

0.45 


0.143 

4.353 

0.000 

0.027 

0.0 

0.0 


0.042 
5.000 


( 


BLOCK  I    BLOCK  2    BLOCK  3 


WATFR,  INCHFS 


I 


RUNOFF 

OVERLAND  FLOW 
INTERFLOW 
IHPEPVIOUS 
TCTAL 

BASE  FLOW 
GPDWATER  RECHARGE 

PRECIPITATTON 
SNOW 

PAIN  CN  SNOW 
MELT  6  RAIN 

MELT 

RADIATION 
CONVECTION 
CCNOENSATION 
RAIN  MELT 
GPCUNC  MELT 
CUM  NEG  HEAT 

SNOW  PACK 
SNCW  DENSITY 

%    SNOW  COVEP 

SNOW  EVAP 

FVAPOTRANSPIRATION 
PCTENTIAL 
NET 
CROP  COVER 

STORAGES 

UPPER  ZONE 
LCWEP  ZONE 
GROUNDWATcp 

INTERCEPTION 
OVERLAND  FLOW 
INTERFLOW 

WATER  BALANCES   0«0 
SNOW  BALANCE=    0.0 

SEOIKENT,  TONS/ACRE 
ERODED  SEDIMENT 
FINES  DEPOSIT 


0.0 
0.0 

0-0 


0.22 


3.59 
1.05 


0.0 

1.857 

0.000 

0.0 

0.0 

0.0 


0.0 
5.35A 


0.0 
0.0 

0.0 


0.22 


3,59 
1.05 


0.0 

1.857 

0.000 

0.0 

0.0 

0.0 


0.0 
5.354 


0.0 
0.0 

0.0 


0.22 


3. 

59 

1, 

05 

0. 

0 

1  . 

.857 

0. 

.000 

0, 

.0 

0. 

.0 

0. 

.0 

BLOCK    4 


0.0 
0.0 


0.0 


0.22 


0.0 
5.354 


3.59 
1.05 


0,0 

1.857 

0.000 

0.0 

0.0 

0.0 


0.0 
5.354 


BLOCK    5 


0.0 
0.0 


O.C 


0.22 


3.59 
1.05 


0.0 

1.857 

0.000 

0.0 

0.0 

0.0 


0.0 
5.354 


TOTAL 


0.0 
0.0 
0.0 
C.OOO 

0.000 
0,004 

0.22 
0.02 
0.12 
0.14 


0.00 
0.01 
0.01 
0.00 
0.00 
O.CO 

0.0 
CO 
0.0 

0.00 


3.59 
1.05 
0,21 


0,000 

1,857 

C.OOO 

0.0 

0.0 

0.0 


0.0 
5.354 


( 
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I 


WATFR,  INCHFS 

RUNOFF 

OVERLAND  FLOW 
|^J|RFLOW  ^^ 

BASE  FLOW 
GRDWATER  RECHARGE 

PRFCrP^TATION 

MFLT 

RAOTATTON 
FL^yfCTION 

.S^yK^tflfnoN 

GPCUND  MELT 
CU^«  N'EG  HEAT 

SNOW  PACK 
SNOW  DENSITY 
«  SNCW  COVER 

SNOW  EVAP 

CPCP  COVER 

STORAGES 

UPPER  ZONP 
LOWER  ZONE 
GRCUNDWATFR 
INTERCEPTION 
OVEPLANC  FL^W 
INTERFLOW 

WATER  6ALANC«==  n    a 
SNOW  BALANCE=    g.-g 

SEDI(-ENT,  TCNS/ATPP 
PINES  DEPOSIT 


BLOCK  1    BLOCK  2 


BLOCK  3    BLOCK  4 


0.0 
0.0 

0,0 


0.0 


0.07 
0.02 


0.0 

1.838 

0.000 

0.0 

0.0 

0.0 


0,0 
5.354 


0.0 
0.0 

0.0 


0.0 


0.07 
0,02 


0.0 

1.838 

0.000 

0.0 

0.0 

0.0 


0.0 
5.354 


0.0 
0.0 

0,0 


0.0 


0.07 
0.02 


0.0 

1.B38 

0.000 

0.0 

0.0 

0.0 


0.0 
5.354 


0.0 
0.0 

0.0 


0.0 


0,0? 
0.02 


0.0 
1.838 
0.000 
0.0 

0.0 
0.0 


o.c 

5.354 


BLOCK  5 


0.0 
0.0 


0.0 


0,0 


0.07 
0.02 


0.0 

1.838 

O.OCO 

0.0 

0.0 

0.0 


0.0 
5.354 


TOTAL 


0,0 
0,0 
0.0 

c.ooo 

0.000 
0.0 

0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 


0.07 
0.02 
0.20 


0.000 
1.838 

o.coo 

0.0 
0.0 
0.0 


0.0 
5.354 


i 


